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VOLUME 2: SPACE PROJECTS OVERVIEW 


2 . 1 INTRODUCTION 


2.1,1 Contractual Background of Study 

On June 10, 1981, NASA Marshall Space Flight Center (MSFC) 
awarded a twelve month contract (NAS8-34381) to the Space Systems 
Laboratory and the Artificial Intelligence Laboratory of the 
Massachusetts Institute of Technology, for a study entitled 
"Space Applications of Automation, Robotics, and Machine Intelli- 
gence Systems (ARAMIS)", Phase I. The Space Systems Laboratory 
is part of the MIT Department of Aeronautics and Astronautics; 
the Artificial Intelligence Laboratory is one of MIT's inter- 
departmental laboratories. Work on the contract began on June 
10, 1981, with a termination date for Phase I on June 9, 1982. 

Following discussions between MIT and NASA MSFC, the con- 
tract was expanded to include several additional tasks specifi- 
cally concerned with structural assembly in space. This "struc- 
tural assembly expansion" to the contract started on October 27, 
1981, with a termination date also on June 9, 1982. 

At NASA's request, separate progress reports were produced 
for the original contract tasks (called the "main study") and for 
the structural assembly expansion. Separate final reports were 
also prepared, though some sections are identical in both. 

This document is the final report for Phase I of the ARAMIS 
main study. The final report for the structural assembly expan- 
sion of this study is entitled "Automated Techniques for Large 


2.1 




Space Structures" (also contract number NAS0~34381) , 

The NASA MSFC Contracting Officer's Representative is Georg 
F. von Tiesenhausen (205~453-2789) . The MIT Principal Inves- 
tigators are Professor Rene H. MHler (617-253-2263) and Professor 
Marvin L. Minsky (617-253-5864) . The MIT Study Manager is 
David B.S. Smith (617-253-2298), 

2.1.2 Organization of the Final Report 

Volume 1 of the final report is the Executive Summary , 
volumes 2, 3, and 4 are roughly chronological, in the sense that 
the data and results presented were developed in that order by 
the study. 

Volume 2 : Space Projects Overview describes the space 

project breakdowns, which are used to identify tasks ("functional 
elements") which will be required by future space projects. 

Volume 3 ; ARAMIS Overview gathers together the information 
specifically related to automation, robotics, and machine intel- 
ligence systems (ARAMIS) . The volume starts with a general 
discussion of ARAMIS and the organization of this field into 
"topics." It then presents General Information Forms on 
ARPi4IS "capabilities" which are candidates to perform space 
project tasks. 

Volume 4 : Application of ARAMIS Capabilities to Space 

Project Functional Elements is the pivotal volume in the report, 
since it deals with the relationships between the space project 
tasks and the ARAMIS capabilities. Specifically, in Volume 4, 
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the lietG of tacks generated in Volume 2, and the background know~ 
ledge on ARAMIS presented in Volume 3, are combined to define 
"candidate ARAMIS capabilities" for each task. Volume 4 then 
presents the evaluation of the relative merits of the various 
candidates to perform the space project tasks, and the selection 
of the promising options suggested for further study. 

Thus Volumes 2 and 3 serve to some extent as preparatory 
material and appendices to Volume 4, which contains most of the 
complexities of the research effort. Therefore a complete de- 
scription of the study's objectives and method is included in 
Volume 4, while partial synopses of the study method appear in 
Volumes 2 and 3, specifically -explaining the production of the 
data in those volumes. 

The study recipient who wishes to aoply the results of this 
study to a new space project will principally use Volume 4, 
referring to Volume 2 to check further on the definition of a 
space project task, and referring to Volume 3 for descriptions 
of suggested candidate ARAMIS capabilities. In addition. Volume 
3 is intended as a general introduction to the field of ARAMIS 
and to its complex jargon. 

2 . 1 .3 Partial Synopsis of Study Method; Space Project Breakdowns 

The overall ARAMIS study method is illustrated in schematic 
form in Figure 2.1. The method concentrates on the production of 
a matrix relating space project tasks (called "generic functional 
elements"; on the vertical axis in the figure) to pieces of ARAMIS 
(called "ARAMIS capabilities"; on the horizontal axis in the 


2.3 


FIGURE 2.1: ARAf4IS STUDY METHOD: GENERIC FUISICTIONAL ELEMENT/ARAMIS CAPABILITY MATRIX 
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NOTE ; EACH CHECKMARK ACTUALLY CONSISTS OF A SERIES OF DECISION CRITERIA VALUES 
AND OF COMMENTS ON SPECIAL ASPECTS OF THAT ARAMIS APPLICATION 









figure) . The OKomplo in the figure shown that the generic func- 
tional element "Position and Connect New Component" can be satis- 
fied by any of three ARAMIS capabilities: Specialized Manipulator, 

Human in EVA with Tools, or Dextrous Manipulator. Note that 
ARAMIS capability by itself can satisfy the generic functional 
element. 

As illustrated in the figure, the generic functional elements 
(GFE's) are generated from four space project breakdowns. The 
choice of the space projects is described in Section 2.2. The 
breakdown procedure is presented in Section 2.3. The collection 
of the generic functional elements is described in Section 2.4. 

The ARAT4IS capabilities are generated by considering each 
generic functional element in turn, and defining pieces of ARAMIS 
capable of satisfying the element. These definitions are based 
or., rne general background knowledge and organization of ARAMIS 
developed by this study. Volume 3; ARTEMIS Overview describes 
the methods used to research and organize the field of ARAMIS. 

The checkmarks on the matrix grid in the figure are for 
schematic presentation only. In actuality, each checkmark con- 
sists of values of seven decision criteria, with commentary and 
data sources, on the potential application of that ARAMIS capa- 
bility to that generic functional element. These criteria are 
defined and discussed in Section 4.6 (Volume 4). 

The ARAMIS study uses a specialized nomenclature, partly 
adopted from NASA and partly defined specifically for this study. 
Table 2.1 defines this nomenclature, as well as some acronyms. 
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TABLE 2.1: AR/iT-lIS STUDY NOMENCLATURE 


ARAMIS - Automation, Robotics, and Machine Intelligence 
Systcmo 

FUNCTIONAL ELEMENT - A small piece of a space project 

(examples: Open Access Panel, Open Supply Valve), 

which can be satisfied by a single ARAMIS capability. 

GENERIC FUNCTIONAL ELEMENT LIST (GFE LIST) - A list of all 
the functional elements in the four space project 
breakdowns; a functional element already collected 
from a previous breakdown is not listed again. 

ARAMIS TOPIC - A part of the overall field of ARAMIS (e.g. 

Manipulators, Machine Vision Techniques, Computer 
Architecture) ; the study group identified 28 such 
topics (with considerable overlap between topics) 
wh.'.v 't collectively cover ARAMIS. 

ARAMIS CAPABILITY - A piece of ARAMIS (hardware and/or soft- 
ware) which can by itself satisfy a generic func- 
tional element; each capability only involves a 
small (manageable) part of the wide field of ARAMIS. 

DECISION CRITERIA - Indices of the performance of an ARAMIS 
capability applied to a generic functional element; 
these indices are evaluated for each candidate 
ARAMIS capability applied to each generic func- 
tional element. 

TECHNOLOGY TREES - Favorable sequences of ARAMIS develop- 
ment; ;i e. early R&D of certain capabilities en- 
hances later R&D of other capabilities (e.g. prior 
R&D of tactile sensors and microactuators benefits 
the development of a dextrous manipulator) . 

CRITICAL ELEMENT/CAPABILITY (E/C) PAIR - An application of 
an ARAMIS capability to a generic functional ele- 
ment, fer which: the decision criteria values 

are favorable; and/or the capabilities are impor- 
tant in technology trees. This is therefore a 
promising application of ARAMIS. 

GSP - Geostationary Platform 

AXAF - Advanced Xray Astrophysics Facility 

TMS - Teleoperator Maneuvering System 

SP - Space Platform 
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Most of tho data management functions required by the study 
method were implemented on a computer/ for ease of access and 
display of the information. The use of the computer in the 
ARAMIS study is discussed in Appendix n.F (V :ume 4). 
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2.2 CHOICS OF SPACE PROJECTS FOR STUDY 


2.2.1 Criteria for Choice 

Three criteria were applied to the selection of space 
projects : 

1) The space projects should span the years 1985“20Q0, 

Given an arbitrary technology cutoff date 5 years befoie launch, 
this corresponds to projects which have their design phases 
between now and 1995. The near-term limit was chosen so that 
study results might have immediate utility. The far-term limit 
was chosen because the development of ARAMIS would be difficult 
to predict beyond 1995. 

2) The space projects should collectively include a wide 
spectrum of tasks, both in space and on the ground. Therefore 
if suitable ARAMIS capabilities could be defined to perform 
these tasks, it was expected that these capabilities could per- 
form the majority of the tasks required by NASA's projects in 
the next twenty years . 

3) The number and scope of the projects should be kept low 
enough to keep the study manageable. Initial discussions suggested 
that four or five projects would be a likely number. 

2.2.2 Projects Selected for Breakdowns 

In consultation with NASA MSFC, four space projects were 
selected for study; the Geostationary Platform (GSP, a communi- 
cations relay satellite) ; the Advanced X-ray Astrophysics Facility 
(AXAF, an X-ray telescope spacecraft) ; the Teleoperator Maneuvering 
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System (TMS, a multipurpose free-flying satellite tender); and 
the Space Platform (SP, a versatile platform for scientific and 
space applications research). They are sketched in Figure 2.2. 
These projects were chosen to span the range of space activities 
expected in the years 1985-2000: communications/ astronomy, 

satellite servicing and support, and science and applications 
development. For detailed descriptions of these projects, the 
reader is referred to the reports listed at the beginning of 
each space project breakdown, in Appendix 2. A. 

[Note; as mentioned in Section 2.1.1, this study also 
included a structural assembly expansion. This research fo- 
cused on the structural assembly of three projects; the Science 
and Applications Space Platform, the single-platform version of 
the Geostationary Platform, and a large radio-frequency antenna. 
These projects are described and broken down in the structural 
assembly expansion's final report, "Automated Techniques for 
Large Space Structures."] 
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FIGURE 2.2: SPACE PROJECTS SELECTED FOR STUDY 


No. 1: Geostationary Platform (GSP) 

Communications platform 
Constellation version: six 
free- flying satellites in 
close proximity, with laser 
or microwave interlinks (one 
unit shown here) . Shuttle- 
launched to LEO, boosted 
to GEO. Scheduled main- 
tenance in GEO every 8 
years. GSP mass (each 
satellite) ^ 6600 kg. 


No. 2; Advanced X-ray Astrophysics Facility (AXAF) 


1.2-meter diameter X-ray 
telescope. Shuttle- 
launched, 550 km altitude 
orbit. Scheduled main- 
tenance in LEO every 
3 years. AXAF mass 
9000 kg. 
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FIGURE 2.2; SPACE PROJECTS SELECTED FOR STUDY (CONTINUED) 


No. 3; Teleoperator Maneuvering System ( TMS ) 




Free-flying multipurpose 
vehicle, with optional kits for: 

— in-space inspection and 
monitoring 

— satellite deployment and 
retrieval 

— satellite servicing and 


repair 

structural assembly of 
spacecraft 


m 


Shuttle- launched to LEO (can be 
boosted to GEO) , returned to 
Earth for maintenance. 

TMS mass v 3500 kg (wet) . 



Multipurpose platform, with 
three principal versions: 

— Materials Experiment 
Carrier (MEC) 

— Science and Applications 
Space Platform (SASP) 

— Science and Applications 
Manned Space Platform 
(SAMSP) 


Shuttle-launched, shuttle- 
tended (modular payload 
exchange) . Maintenance 
during Shuttle visits 
(except SAMSP) . 


MEC mass 26,300 kg 
SASP mass 42,300 kg 
SAMSP mass 35,400 kg 
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2.3 DESCRIPTION OF BREAKDOWN METHOD 


2.3.1 Levels of Breakdowns 

Each selected space project was then broken down into 
successively finer levels: project, missions, sequences, 

activities, functional elements. At the most detailed level, 
"functional elements" are small tasks (e.g. Track Nearby Objects, 
Compute Optimal Consumables Allocation, Position and Connect 
New Component) required by the space projects, sufficiently 
small that the same functional element may occur in several 
space projects, or several times in one space project. 

To clarify the structure of the breakdowns, the study group 
developed a numerical coding system for the levels within the 
breakdowns. Figure 2.3 shows an example of a functional 
element's code number. 

The project numbers are assigned as follows: 

1) Geostationary Platform (GSP) 

2) Advanced X-ray Astrophysics Facility (AXAF) 

3) Teleoperator Maneuvering System (TMS) 

4) Space Platform (SP) ‘ 

The mission numbers may refer to individual flights (e.g. 

AXAF: the initial launch is a mission; so is each of the later 
maintenance and repair flights) , or to types of missions (e.g. 
TMS: satellite retrieval, satellite servicing, structure 

assembly, are all types of missions the TMS can undertake) . 

These distinctions are explained in the comments accompanying 
the project breakdowns. 
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FIGURE 2 - 3 : EXAMPLE OF FUNCTIONAL ELEMENT CODE NUMBER 


of'poor quality, 
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2.3.2 Options within Breakdowns 


ORWAL * 


"Options" are determined by the listings at the next level 
down, and identified by letters in the code numbers. In the 
example in Figure 2.3, mission no. lA refers to option A 
(Deployment) within mission 1 (Spacecraft Transfer) . Option A 
cJpnotes a particular set sequences at the next level down. 
Mission IB (Spacecraft Transfer (Retrieval)) would include 
another set of sequences (different from mission lA's set in at 
least one sequence) . 

For those items with only one option, the code letter is 
omitted, In the example above, sequence no. 10 (Status Monitoring 
and Resource Allocation) has only one option. Therefore it 
contains only one set of activities. However, some of the 
activities may have options, such as Activity no. 10 (Component 
Failure Recovery) which has options A (Redundancy) and B 
(On-Board Repair) . 

When the literature available to the study group identified 
a particular "reference" option for a project, then the project 
breakdown labels that option with the letter "A" . In other 
words, if only the "A" options are considered, the breakdown 
becomes a listing of the "reference" space project. 

Project options are presented as separate missions (e.g. 

MEC, SASP, and SAMSP (see Figure 2.2) are presented as missions 
within the Space Platform breakdown) . Also, functional elements 
are not broken down any further, and therefore carry no options. 
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Thus options can only appear at the mission, sequence, and 
activity levels. 

The four space projects wore broken down through literature 
review, consultation with the MSFC Project Engineers and other 
experts (e.g. potential AXAF users), and in team brainstorm 
sessions. Each space project was assigned to one study 
researcher, who was thus responsible for that project breakdown. 
The team brainstorm sessions ensured common levels of detail 
and common nomenclature, so that the same names were given to 
similar functional elements wherever they appeared in the break- 
downs. The project breakdowns were developed and stored as 
files in a computer, using an extended text editor program. The 
use of the computer in this study is described in Appendix 4.P 
{Volume 4 ) . 

The four space project breakdowns, including relevant 
comments, are listed in Appendix 2. A; Space Project Breakdowns 
(Annotated) . 
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2.4 TH.»E 


FUN’CTIOrJAL ELEMENT LIST 


2.4.1 M o t ho ^ ^ ^ 

The Generic Functional Elomont (GFE) List was produced from 
the four space project breakdowns by a computer program (listed 
out in Appendix 4.F, in Volume 4) . The program scanned through 
each breakdown in turn, colloctinq functional elements for the 
GFE Lint. A functional element already collected from a previous 
breakdown (or from earlier in the same breakdown) was not listed 
again. For example, the functional element Position and Connect 
New Component occurn in all four breakdowns, and several times 
in each breakdown, but appears only once in the GFE List. 

As each aoneric functional element is collected for the 
GFE List, it is assigned a GFE number (prefixed by the letter 
"g'') by the computer program. Since the Geostationary Platform 
project brealcdown was scanned first, GFE's gl through gl70 are 
in the order of their appearance in the GSP breakdown. (Most 
of these GFE's appear in other breakdowns also.) GFE's gl71 
through g238 were added by the scan of the AXAF breakdown; GFE's 
g239 through g249, by the scan of the TMS breakdown; and GFE's 
250 through 330, by the scan of the SP breakdown. 

As these numbers suggest, there is considerable commonality 
of functional elements between breakdowns. Although the GSP 
breakdown includes 171 separate GFE's, only 28 of these GFE's 
are GSP-unique (i.e. GFE's which appear only in the GSP break- 
down) . Similarly, there were 62 AXAP-unique GFE's; 7 TMS-unique 
GFE's; and 81 SP-unique GFE's {most of which were experiment- 
specific tasks) . 
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Of’ i'C-i'yii* o 

Although each gcnoric functional element is listed only onee 
in the GFE List, the computer program retained the code n-ombers 
under which each GFE appeared in the original oreakdowns, and 
listed these code numbers under each GFE. Figure 2,4 presents 
a partial example of the GFE list, with code numbers. 

FIGURE 2.4; PARTIAL EXAMPLE OF GFE LIST (WITH CODE NUMBERS) 


# 


FE 1.2A.9.0B.B 
FE 1. 1, 10. 10B.B 
FE 1 . 1 .9. 1 tO.B 

•Oro g73: POSITIOM AND CONNECT NEW COMPONENT 
FE 4.3, 12.G. 14 
FE 4,3.9,70.9 
FE 4,2.9.70.9 
FE 4 . IB. 9. 70. 9 
FE4.1A.9.7B.9 
FE 3.S. 10. 100,9 
FE 3.5.9.00.9 
FE 3.4. 10. 100,9 
FE 3.4.9,00.9 
FE 3.3.10. 100. 9 
FE 3.3.9.00,9 
FE 3.2.13.1.9 
FE 3.2.10.100,9 
FE 3.2.9.B8.9 
FE 3. IB. 10, 100,9 
FE 3,10.9,80.9 
FE 3. 1A. 10, 100.9 
FE 3. lA.q.BB.g _ 

FE 2.20. ?7.60.9 ~ 

FE 2. 28. 10.3.9 
FE 2.2A, 14. 100.9 
FE 2.2A, 10.3.9 

FE 2. 10. 14. 90. B 

FE 2. 10,9. 120.9 
FE 2. 1 A. 13.90. B 
FE 2. 1A.9. 100.9 _ 

FE 1.20. 12. 1.9 
FE 1.2A. 13, 1,9 
FE 1 .2A. 10. 100.9 

FE 1.2i,.9.aB.9 

FE 1.1,10. 100.9 

FE 1 . 1 .9. 1 10.9 _ 

•ofo o74: adjust component 

FE 4.3, 12,6. 15 
FE 4 .3. 9. 70, 10 
FE 4,2.9.70. 10 


SP FUNCTIONAL 
ELEMENTS 


IMS fe's 


AXAF fe's 
GSP fe's 
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The example shows that Position and Connect New Component is 
the 73rd GFE identified by the program, and that it occurred 
in 32 places in the project breakdowns. As the first digits of 
the code numbers indicate, this GFE occurs in all four break- 
downs. (The code numbers are listed in reverse order of 
appearance in the scan.) 

The full GFE List is presented in Appendix 2.B; Generic 
Functional Element List (with Breakdown Code Numbers) . For the 
study recipient's convenience, a more abbreviated version of the 
same list is presented in Appendix 2.C: Generic Functional 

Element List (without Breakdown Code Numbers) . 

2.4.2 Comments on GFE List 

The GSP space project breakdown is 973 lines long; the 
AXAF breakdown, 1691 lines long; the TMS breakdown, 2079 lines 
long; the SP breakdown, 1478 lines long. However, the GFE List 
for all the breakdowns contains only 330 generic functional 
elements. In other words, each of the four project breakdowns 
can be entirely assembled from the 330 GFE's. Since the space 
projects were chosen to span a broad spectrum of activities, 
it is expected that this list should also contain most (or all) 
of the elements of a wide variety of space projects. Yet each 
generic functional element is sufficiently small in scope that 
any ARAMIS capability which can perform the element only involves 
a small part of the wide field of ARAMIS. 

Since 330 GFE's were collected from 6221 lines of break- 
downs, the average GFE occurs in many places in the breakdowns. 
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Some of thone repetitiono arc between breakdowns, i.e. a tack 
is required in oeveral projects. But most repetitions are 
within each breakdown: either a task is repeated during the 
life of the spacecraft; or the same task is listed under several 
options in a breakdown, the latter situation accounting for most 
of the repetitions. Therefore, the length of the list of code 
num}jers following a GFE (in Appendix 2.B) is not a direct 
.'.uasure of the number of occurrences of a task; many of those 
listinas .-.ndicate the same task in different options (e.g. 
3.1A.9.8B.9 and 3.1B.9.8B.9 in Figure 2.4). A more useful 
indication of a generally needed task is when it appears in 
all four proiGct breakdowns. 

As mentioned in guideline (7) (Section 4.2.3), Phase I of 
the ARAMTS study considers space project tasks by themselves, 
outside the context of any specific space projects. Therefore 
this study concentrates on the Generic Functional Element List. 
The project breakdowns are only ^casionally consulted, to 
clarify the definition of a generic functional element by 
checking its context in the source breakdown (s) . 

The 330-element GFE List also appears in Appendix 4. A 
(Volume 4;, grouped by types of GFE's. 
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APPENDIX 2.Aj 


S PACE PROJECT BREAKDOWNS (ANNOTATE D) 

2 .A.1 Notor> on thio Appendix 

Four space projects were selected for this study, and 
numbered as follows: 

1) Geostationary Platform (GSP) 

2) Advanced X-ray Astrophysics Facility (AXAF) 

3) Teleoperator Maneuvering System (TMS) 

4) Space Platform (SP) 

Each selected space project was broken down into successively 
finer levels: project, missions, sequences, activities, 

functional elements. To clarify the breakdown structure, a 
numerical coding system was developed. It is described in 
Section 2.3.1. For functional elements, the code numbers are 
five-segment numbers (c.g. 3 . lA. 10 . lOB . 9) ; the first segment 
identifies the project (e.g. 3: TMS) . The code numbers also 

identify options (described in Section 2.3.2, indicated by 
letters) at the mission, sequence, and activity levels. 

In each breakdown, an initial comment identifies the 
literature sources used to develop the breakdown. In addition, 
occasional comments are inserted in the listing, to clarify 
the items immediately before them. 

The project breakdowns were developed through literature 
review, consultation with the MSFC Project Engineers, and 
consultation with other exports (e.g. potential AXAF users). 

Team brainstorm sessions were held to ensure common levels of 
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detail and nomenclature between the breakdowns. Each project 
was assigned to one study researcher, who was thus responsible 
for that breakdown. 

The breakdowns were developed and stored as files in a 
computer, using an extended text editor program. The use of 
the computer is described in Appendix 4.F (Volume 4). The 
computer was also used to produce the space project breakdown 
listings, which follow. 
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2. A. 2 


GEOSTATIONARY PLATFORM 


ORIGINAL RAGS fg 
OF POOR QUALITY 


Th» prlmory sourca of information for datails of this braakdown was 
tha Gaostat ionary Platform Syctams Concepts Defintion Study prepared by 
General Dynamics Convair Division in June 1980. 

Additional sources of information were: 

- Edelson, B.I. and W.I. Morsan, "Orbital Antenna Farms", Astronautics 
and Aeronautics, Sept. 1977. 

- Fordyce, S.W., L. Jaffa, and E.C. Hamilton, "Switchboard In tha Sky", 
Space Flight, Vol . 20, No. 6, June 1970. 

- Gordan, G.D., and W.L. DeRoucher, "Repairing e. Communi cat ions Satellite 
on Orbit", Comsat Technical Review, Vol. 6 , No 1, Spring 1976. 

- Shrivasta, S.K., "Orbital Perturbations and Stationkeeping of 
Communication Satellites", Journal of Spacecraft, Vol. 15, No, 2, 
March/April 1978. 


1 GEOSTATIONARY PLATFORM 

1.1 DEPLOYMENT 

1.1.1 DESIGN 

1.1. 1.1 DEFINE REQUIREMENTS 

1 . 1 . 1 .2 MISSION ANALYSIS 

1.1. 1.3 PAYLOAD ACCOMODATIONS 

1.1. 1.4 CREATE FUNCTIONAL LAYOUT 

1.1. 1.5 FAILURE MODES ANALYSIS 

1.1. 1.6 ADJUST DESIGN FOR MAINTENANCE AND REPAIR 


To ensure access to all parts of the platform for repair in the event of 
failure or breakdown. 


1.1. 1.7 CREATE MECHANICAL LAYOUT 

1 . 1 . 1 .8 SAFETY REVIEW 

1. 1.1.9 DESIGN OF COMPONENTS 

1.1.1.10 SOFTWARE DEVELOPMENT 


This Is a longterm activity involving the development of all necessary 
software associated with the mission. 


1.1.2 COMPONENT FABRICATION 

1.1. 2.1 PROCURE OFF-THE-SHELF COMPONENTS 


These are components which require no special design and are readily 
aval 1 abl e . 


1 . 1 


1.1. 2. 2 PROCURE MATERIALS FORO MANUFACTURED COMPONENTS 

1. 1.2.3 PROCURE MANUFACTURING EQUIPMENT 

1.1. 2. 4 MANUFACTURE COMPONENTS 
,3 COMPONENT TEST 

1.1.3. 1 SET UP TEST FACILITIES 
STRUCTURAL LOADS TESTS 
DATA PROCESSING AND SOFTWARE TESTS 
ELECTRICAL SYSTEMS TESTS 
THERMAL AND VACUUM TESTS 
THRUSTER TESTS 

SOLAR ARRAY DEPLOYMENT TESTS 
,8 COMPONENT CERTIFICATION 
.4 SYSTEM INTEGRATION 
.5 SYSTEM TEST 

1.1. 5.1 POWER SUBSYSTEM TESTS 

THERMAL SUBSYSTEM TESTS 
STRUCTURE SUBSYSTEM TESTS 
INFORMATION PROCESSING SUBSYSTEM TESTS 
COMMUNICATIONS SUBSYSTEM TESTS 
ATTITUDE CONTROL SUBSYSTEM TESTS 
PROPULSION SUBSYSTEM TESTS 


.5. 

.5.8 TRAFFIC ROUTING SUBSYSTEM TESTS 
.5.9 INTEGRATED SYSTEMS TESTS 


1.5.10 FAILURE MODES SIMULATION 


1.1.5. 11 SYSTEM CERTIFICATION ORtC5S\5AL 

1.1.6 SHIPPING TO LAUNCH SITE OF PfjOJ? 

1.1. 6.1 REMOVE TEST EQUIPMENT » 

1.1. 6. 2 PERFORM NECESSARY DISASSEMBLY 

1 . 1 .6.3 PACKING 

1. 1.6.4 TRANSPORT TO LAUNCH SITE 

1.1.7 PAYLOAD INTEGRATION AND CHECKOUT 

1 . 1 . 7 . 1 UNPACKING 

'.1.7.2 PERFORM NECESSARY REASSEMBLY 

1. 1.7.3 INTEGRATED SYSTEMS TESTS 

1.1. 7. 3.1 VERIFY POWER SYSTEM FUNCTION 

1.1. 7. 3. 2 VERIFY COMMAND SYSTEM FUNCTION 


QUAirrv 


Commands ore sent ond the systoiti Is chockod to ensure that the signals 
arrive at their appropriate destinations but the system Is disarmed. 


1.1. 7. 3. 3 VERIFY MECHANICAL SYSTEM FUNCTION 

1.1. 7. 3. 4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 


Signals ore sent ond traced to ensure correct transmission but the 
communications system Is not actually powered up. 


1.1. 7. 3. 5 MISSION SEQUENCE SIMULATION 

1.1. 7. 4 TRANSFER TO VERTICAL PROCESSING FACILITY 

1.1. 7. 4.1 LOAD PAYLOAD INTO CONTAINER 

1.1. 7. 4. 2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 

1.1. 7. 4. 3 UNLOAD CONTAINER 

1.1. 7. 5 INTEGRATION WITH BOOSTERS 


Cryogans are loaded on the launcn pad. 


1.1. 7. 6 PERFORM INTERFACES CHECK 

1.1. 7. 6.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 

1.1. 7. 6. 2 CHECK ELECTRICAL INTERFACES 

1.1. 7. 6. 3 CHECK PAYLOAD/BDOSTER MECHANICAL INTERFACES 

1.1. 7. 6. 4 CHECK ELECTRICAL INTERFACES 

1.1. 7. 7 fRANSFER TO LAUNCH PAD 

1.1.7 7.1 LOAD PAYLOAD INTO CANISTER 

1.1. 7. 7. 2 TRANSPORT TO ROTATING SERVICE STRUCTURE 

1.1. 7. 7. 3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 

1.1. 7. 7. 4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 

1.1. 7. 7. 5 REMOVE CANISTER 

1. 1.7.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL) 

1.1. 7. 8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 

1.1. 7. 8. 2 EXTEND PAYLOAD INTO ORBITER USING PGHM 

1.1. 7. 8. 3 CONNECT ORBITER/PAYLOAD INTERFACES 

1.1. 7. 6. 4 CHECK ELECTRICAL INTERFACES 

1.1. 7. 8. 5 CLOSE-OUT PAYLOAD BAY 

1.1.8 COUNTDOWN AND LAUNCH 
1.1,8.' CABIN CLOSEOUT 

1. 1.8.2 PAYLOAD SERVICING (AS REQUIRED) 

1.1. 6. 3 VEHICLE CLOSEOUT 

1. 1.8.4 LAUNCH COUNTDOWN 

1.18.5 LIFTOFF 

1.1.9 ORBITAL DEPLOYMENT AND CHECKOUT 

1. 1.9.1 shuttle ATTAINS DELIVERY ORBIT 

1. 1.9.2 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 

1.1. 9. 2.1 OPEN payload bay DOORS 

1.1. 9. 2. 2 ROTATE OTV/GSP PACKAGE OUT OF ORBITER 

1.1. 9. 3 TESTS OF ATTACHED PAYLOAD 


It Is understood that not all of the equipment to be deployed which is 
listed below would be carried (and hence deployed) on the first platform 
of the constellation. 


1 . 1 S.3. 1 
1 . 1 .0.3.2 

1 . 1 .9.3.3 

1 . 1 .9.3.4 

1 . 1 .9.3.5 
1.1.9.36 
1 . 1 .9.3.7 


POWER SUBSYSTEM CHECKOUT 

INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

RAISE CENTRAL MAST 

DEPLOY MAIN REFLECTORS 

DEPLOY ANTENNA RECEIVER ARRAYS 

DEPLOY ANTENNA TRANSMIT ARRAYS 

DEPLOY SUBREFLECTOR 
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1.1.9.3.B DEPLOY INTERFEROMETER 

1.1. 9. 3. 9 DEPLOY SOLAR ARRAYS 

1.1.9.3.10 DEPLOY RADIATORS 

1.1.9.3.11 VERIFY DEPLOYMENT SEQUENCES 

1.1.9.3.12 RETRACT SOLAR PANELS 


ORrCIINJAL PASS m 
OF POOR QUALITY 


Must be rotractob for orbital transfer, after which they are rodoployecJ. 


1.1. 9. 4 SEPARATION OF PAYLOAD FROM ORBITER 

1 . 1 .9.5 ORBITAL TRANSFER 

1. 1.9.5. 1 INITIALIZE GUIDANCE SYSTEM 

1.1. 9. 5. 2 DETERMINE CURRENT ORBITAL PARAMETERS 

1.1. 9. 5. 3 DETERMINE DESIRED ORBITAL PARAMETERS 

1.1. 9. 5. 4 CHOOSE OPTIMAL TRAJECTORY 

1.1. 9. 5. 5 DETERMINE CURRENT ATTITUDE 

1.1 9.5.G DETERMINE DESIRED ATTITUDE 

1 . 1 ,9.5.7 FIRE THRUSTERS 


This Includes firing of main thrusters and RCS thrusters. 


1.1. 9. 6 SEPARATION OF GSP FROM OTV 

1. 1.9.6. 1 SEPARATE OTV FROM GSP 
1.1.9.G.2 SEPARATION COAST 

1 . 1 .9 G.3 FIRE THRUSTERS 

1.1. 9. 6. 4 TRANSFER OF OTV TO SUPERSYNCHRONOUS ORBIT 


All debris is taken to supersynchronous orbit for disposal whe»'e It will 
not Interfere with other existing spacecraft. 


1.1. 9. 7 DEPLOYMENT QF SOLAR ARRAYS AND ANTENNAS (IN GEO) 

1. 1.9.7. 1 DEPLOY SOLAR PANELS 

1.1. 9. 7. 2 DEPLOY INTER-PLATFORM LINK ANTENNAS 

1.1. 9. 8 OPERATIONAL CHECKOUT 

1.1. 9. 8.1 ACTIVATE SUBSYSTEMS 

1.1. 9. 8. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOU' 

1.1. 9. 8.3 POWER SUBSYSTEM CHECKOUT 

1.1. 9. 8. 4 THERMAL SUBSYSTEM CHECKOUT 

1. 1.9.8. 5 STRUCTURE SUBSYSTEM CHECKOUT 

1.1. 9. 8. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

1.1. 9. 8 7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 

1.1. 9. 8. 8 PROPULSION SUBSYSTEM CHECKOUT 

1.1. 9. 8. 9 TRAFFIC ROUTING SUBSYSTEM CHECKOUT 

1.1.9.8.10 CONSUMABLES LEVELS CHECKOUT 

1.1.9.8.11 COMPARE MEASURED DATA TO MODEL 

1. 1.9.9 IDENTIFY DEFECTIVE COMPONENT 

1. 1.9.9. 1 DETERMINE ANOMALOUS DATA 

1.1. 9. 9. 2 FORM HYPOTHESIS FOR PROBLEM 

1.1. 9. 9. 3 DEVISE TEST FOR FAILURE HYPOTHESIS 

1.1. 9. 9. 4 PERFORM TEST FOR FAILURE HYPOTHESIS 

1.1. 9. 9. 5 IDENTIFY FAULTY COMPONENT 

1.1.9.10 IDENTIFY DEFECTIVE SOFTWARE 

1.1.9.10.1 COMPARE MEASURED DATA TO MODEL 

1.1.9.10.2 DETERMINE ANOMALOUS DATA 

1.1.9.10.3 FORM HYPOTHECS FOR PROBLEM 

1.1.9.10.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

1.1.9.10.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
1.1,9,11A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

1.1.9.11A.1 SWITCH OUT FAULTY COMPONENT 

1.1. 9. 11 A. 2 SWITCH IN REDUNDANT COMPONENT 
1.1.9.11A.3 MAKE DIAGNOSTIC CHECKS 
1.1.9.11A.4 UPDATE SPACECRAFT MODEL 

1.1. 9.1 IB COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 
1.1.9.11B.1 DEFINE ACCESS SEQUENCE 
1.1.9.11B.2 LOCATE ACCESS PANEL 

1.1.9.11B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
1.1.9.11B.4 OPEN ACCESS PANEL 

1. 1.9.1 IB, 5 OBSERVE/LOCATE DEFECTIVE COMPONENT 

1.1. 9.1 IB. 6 REMOVE COMPONENT 

1.1.9.11B.7 STORE COMPONENT 

1.1.9.11B.8 LOCATE NEW COMPONENT 

1.1.9.11B.9 POSITION AND CONNECT NEW COMPONENT 

1.1.9 1 IB 10 ADJUST COMPONENT 
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1.1.9.11B.11 MAKE DIAGNOSTIC CHECKS 

1.1.9.118.12 CLOSE ACCESS PANEL 

1.1.9.118.13 STOW REPAIR EQUIPMENT 

1.1.9.118.14 UPDATE SPACECRAFT MODEL 
1.1.9.12 SOFTWARE FAILURE RECOVERY 

1.1.9.12.1 DETERMINE CORRECTION ALGORITHM 

1.1.9.12.2 DATA/COMMAND ENCODING 

1.1.9.12.3 DATA/COMMAND TRANSMISSION 

1.1.9.12.4 COMPUTER FUNCTION CHECKS 
1.1.10 STATUS MONITORING AND RESOURCE ALLOCATION 

1.1.10.1 TEMPERATURE MANAGEMENT 

1.1.10.1.1 MEASURE COMPONENT TEMPERATURES 

1.1.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 

1.1.10.1.3 ADJUST COOLING/HEATING SYSTEMS 

1.1.10.2 POWER MANAGEMENT 

1.1.10.2.1 MEASURE CURRENTS AND VOLTAGES 

1.1.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

1.1.10.2.3 EVALUATE BATTERY CHARGING PERFORMANCE 

1.1.10.2.4 ADJUST CURRENTS AND VOLTAGES 

1.1.10.2.5 ADJUST BATTERY CHARGING CYCLE 

1.1.10.3 DATA/COMMAND PROCESSING 

1.1.10.3.1 SHORT-TERM MEMORY STORAGE 

1.1.10.3.2 LONG-TERM MEMORY STORAGE 

1.1.10.3.3 DATA/COMMAND ENCODING 

1.1.10.3.4 DATA/COMMAND DECODING 

1.1.10.3.5 NUMERICAL COMPUTATION 

1.1.10.3.6 LOGIC OPERATIONS 

1.1.10.3.7 COMPUTER LOAD SCHEDULING 

1.1.10.3.8 COMPUTER FUNCTION CHECKS 

1.1.10.4 CONSUMABLES MANAGEMENT 

1.1.10.4.1 MONITOR PROPELLANT SUPPLIES 

1.1.10.4.2 MONITOR COOLING SYSTEM SUPPLIES 

1.1.10.4.3 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

1.1.10.4.4 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 

1.1.10.5 STRUCTURAL MANAGEMENT 

1.1.10.5.1 MEASURE STRAINS IN STRUCTURE 

1.1.10.5.2 MEASURE RELATIVE DISPLACEMENTS 

1.1.10.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS 

1.1.10.5.4 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 

1.1.10.5.5 APPLY COMPENSATING FORCES 


Present mission does not Include this; it has been Included here In 
anticipation of possible additions. 


1.1.10.5.6 APPLY VIBRATION DAMPING 

1.1.10.6 HA2ARD AVOIDANCE 

1.1.10.7 OPTIMAL SEQUENCING 

1.1.10.7.1 UPDATE spacecraft MODEL 

1.1.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

1.1.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

1.1.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

1.1.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

1.1.10.7.6 COMPUTE OPTIMAL SEQUENCING 

1.1.10.8 IDENTIFY DEFECTIVE COMPDNENT 

1.1.10.8.1 DETERMINE ANOMALOUS DATA 

1.1.10.8.2 FORM HYPOTHESIS FOR PROBLEM 

1.1.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS 

1.1.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 

1.1.10.8.5 IDENTIFY FAULTY COMPONENT 

1.1.10.9 IDENTIFY DEFECTIVE SOFTWARE 

1.1.10.9.1 COMPARE MEASURED DATA TO MODEL 

1.1.10.9.2 DETERMINE ANOMALOUS DATA 

1.1.10.9.3 FORM HYPOTHESIS FOR PROBLEM 

1.1.10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

1.1.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
1.1.10.10A COMPDNENT FAILURE RECOVERY (REDUNDANCY) 

1.1.10.10A.1 SWITCH OUT FAULTY COMPONENT 
1.1.10.10A.2 SWITCH IN REDUNDANT COMPONENT 
1.1.10.10A.3 MAKE DIAGNOSTIC CHECKS 
1.1.10.10A.4 UPDATE SPACECRAFT MODEL 
1.1.10. 10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

1.1.10.10B.1 DEFINE ACCESS SEQUENCE 
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6 1.1.10.10B.2 LOCATE ACCESS PANEL 

OF POOR QUALITY i.i io iob 3 transfer repair equipment to repair site 

1 . 1 , 10. 10B.A open access panel 

1.1.10.10B.5 OESSRVE.'LOCATE DEFECTIVE COMPONENT 

1.1.10.10B G REMOVE COMPONENT 

1.1.10.10B.7 STORE COMPONENT 

1.1.10.10B B LOCATE NEW COMPONENT 

1.1.10.10B.9 POSITION AND CONNECT NEW COMPONENT 

1 . 1 . 10. 10B 10 ADJUST COMPONENT 

1 1.10.10B 11 MAKE DIAGNOSTIC CHECKS 

1 . 1 . 10. 10B . 12 CLOSE ACCESS PANEL 

1.1.10.10B 13 STOW REPAIR EQUIPMENT 

1 . 1 . 10. 10B. 1A UPDATE SPACECRAFT MODEL 

1.1.10.11 SOFTWARE FAILURE RECOVERY 

1.1.10.11.1 determine CORRECTION ALGORITHM 

1.1.10.11.2 DATA/COMMAND ENCODING 

1.1.10.11 3 data/command TRANSMISSION 

1.1.10.11.4 COMPUTER FUNCTION CHECKS 

1.1.10.12 REPORT SYSTEM STATUS 

1.1.10.12.1 DATA/COMMAND ENCODING 

1.1.10.12.2 DATA/COMMAND TRANSMISSION 

1.1.10.12.3 DATA.'COMMAND DECODING 

1.1.10.12.4 DATA/CDMMAND DISPLAY 

1.1.11 ATTITUDE CONTROL AND STATIONKEEPING 

1.1.11.1 MAINTAIN/CHANGE ATTITUDE 

1.1.11.1.1 initialize GUIDANCE SYSTEM 

1.1.11 1.2 DETERMINE CURRENT ATTITUDE • 

1.1.11 1.3 DETERMINE DESIRED ATTITUDE 

1.1.11.1.4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

1.1.11.1.5 CHOOSE optimal TRAJECTORY 

1.1.11.1.6 ROTATE SPACECRAFT 

1.1.11.2 MAINTAIN/CHANGE ORBIT 

1.1.11.2 1 initialize GUIDANCE SYSTEM 

1.1.11.2 2 DETERMINE CURRENT ORBITAL PARAMETERS 

1.1.11.2.3 DETERMINE DESIRED ORBITAL PARAMETERS 

1.1.11.2.4 CHOOSE optimal TRAJECTORY 

1.1.11.2.5 FIRE THRUSTERS 

1.1.11.3 OPTIMAL CONTROL ALLOCATION 

1.1.11.3.1 UPDATE SPACECRAFT MODEL 

1.1.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

1.1.11.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

1.1.11.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

1.1.11.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

1.1.11.3.6 CHOOSE OPTIMAL CONTROL MODE 

1.1.11.3.7 COMPUTE CONTROL COMMANDS 
1.1.11.3.B EXECUTE CONTROL COMMANDS 

1.1.12 COMMUNICATIONS OPERATIONS 

1.1.12.1 ANTENNA POINTING CONTROL 

1.1.12.1.1 RECEIVE INPUT FROM ANTENNA POINTING SENSORS 

1.1.12.1.2 transmit INFORMATION TO ANTENNA POINTING CONTROLLER 

1.1.12.1.3 DETERMINE ERROR FROM DESIRED ANTENNA POSITION 

1.1.12.1.4 ANTENNA POSITIONER CORRECTS POINTING DIRECTION 

1.1.12.2 TRAFFIC ROUTING 

1.1.12,2,1 RECEIVE COMMUNICATIONS INPUT 

1 1.12.2.2 ENTER COMMUNICATIONS INPUT INTO SWITCH CONTROL 

1,1.12.2 3 SWITCH CONTROL ENTERS COMMUNICATIONS INPUT INTO SWITCH MATRIX 

1.1.12.2.4 SWITCH MATRIX EXECUTES COMMUNICATIONS OUTPUT 

1.2A SERVICING MAINTENANCE AND REPAIR (TMS/OTV) 

1 .2A , 1 DESIGN 

1.2A.1.1 DEFINE REQUIREMENTS 


This Includes determining what is to be repaired. 


1.2A.1.2 MISSION ANALYSIS 
1.2A.1.3 PAYLOAD ACCOMODATIONS 
1.2A.1.4 CREATE FUNCTIONAL LAYOUT 
1.2A.1.5 FAILURE MODES ANALYSIS 
1.2A.1.6 CREATE MECHANICAL LAYOUT 
1 ,2A . 1 .7 SAFETY REVIEW 
1.2A.1 8 DESIGN OF COMPONENTS 
1.2A.1.9 software DEVELOPMENT 
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1.2A.2 COMPONENT FABRICATION 

1.'A.2.1 PROCURE OFF-THE-SHELF COMPONENTS 

1.2A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

1.2A.2.3 PROCURE MANUFACTURING EQUIPMENT 

1.2A.2.4 MANUFACTURE COMPONENTS 
1 .2A.3 COMPONENT TEST 

1.2A.3.1 SET UP TEST FACILITIES 
1.2A.3.2 STRUCTURAL LOADS TESTS 
1.2A.3.3 DATA PROCESSING AND SOFTWARE TESTS 
1.2A.3.4 ELECTRICAL SYSTEMS TESTS 
1.2A.3.5 THERMAL AND VACUUM TESTS 
1.2A.3.6 THRUSTER TESTS 

1.2A.3.7 SOLAR ARRAY DEPLOYMENT TESTS » 

1.2A.3.8 COMPONENT CERTIFICATION 
1.2A.4 SYSTEM INTEGRATION 
1 .2A.5 SYSTEM TESTS 

1.2A.5.1 POWER SUBSYSTEM TESTS 
1.2A.5.2 THERMAL SUBSYSTEM TESTS 
1.2A,5.3 STRUCTURE SUBSYSTEM TESTS 
1.2A.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
1.2A.S.5 COMMUNICATIONS SUBSYSTEM TESTS 
1.2A.5.6 ATTITUDE CONTROL SUBSYSTEM TEST 
1.2A,5.7 PROPULSION SUBSYSTEM TESTS 
1.2A.5.8 INTEGRATED SYSTEMS TESTS 
1.2A.5.9 FAILURE MODES SIMULATION 
1.2A.5.10 SYSTEM CERTIFICATION 
1.2A.G SHIPPING TO LAUNCH SITE 

1.2A.6.1 REMOVE TEST EQUIPMENT 
1.2A.6.2 PERFORM NECESSARY DISASSEMBLY 
1 .2A.e.3 PACKING 

1.2A.6.4 TRANSPORT TO LAUNCH SITE 
1.2A.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD) 

1 . 2A . 7A . 1 UNPACKING 

1.2A.7A.2 PERFORM NECESSARY REASSEMBLY 
1.2A.7A.3 INTEGRATED SYSTEMS TESTS 

1.2A.7A.3.1 verify POWER SYSTEM FUNCTION 
1.2A.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION 
1.2A.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
1.2A.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
1.2A.7A.3.5 MISSION SEQUENCE SIMULATION 
1.2A.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BUILDING 
1.2A.7A.5 INTEGRATE TMS WITH PAYLOAD 
1.2A.7A.6 PERFORM INTERFACES CHECK 

1.2A.7A.6.1 CHECK TMS/PAYLnAD MECHANICAL INTERFACES 
1.2A.7A.6.2 CHECK ELECTRICAL INTERFACES 

1.2A.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
1.2A.7A.G.4 CHECK ELECTRICAL INTERFACES 
1.2A.7A.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY 
1.2A.7A.7.1 ATTACH STRONGBACK TO PAYLOAD 
1.2A.7A.7.2 LOAD PAYLOAD INTO CANISTER 
1.2A.7A.7.3 REMOVE STRONGBACK 
1.2A.7A.7 4 CLOSE CANISTER 

1.2A.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
1.2A.7A.7.6 UNLOAD CANISTER 
1.2A.7A.B ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

1.2A.7A.8.1 ATTACH STRONGBACK TO PAYLOAD 
1.2A.7A.B.2 INSTALL PAYLOAD IN ORBITER 
1.2A.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
1.2A.7A.8.4 CHECK ELECTRICAL INTERFACES 
1.2A.7A.8.5 REMOVE STRONGBACK 
1.2A.7A.8.6 CLOSE-OUT PAYLOAD BAY 

1.2A.7A.B.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
1.2A.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD) 

1 .2A.7B. 1 UNPACKING 

1.2A.7B.2 PERFORM NECESSARY REASSEMBLY 
1.2A.7B.3 INTEGRATED SYSTEMS TESTS 

1.2A.7B.3.1 VERIFY POWER SYSTEM FUNCTION 
1.2A.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION 
1.2A.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
1.2A.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
1.2A.7B 3.5 MISSION SEQUENCE SIMULATION 
1.2A.7B.4 TRANSFER TO VERTICAL PROCESSING FACILITY 
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1.2A.7B.5 INTEGRATE TMG WITH PAVUOAD 
1.2A.7B.6 PERFORM INTERFACES CHECK 

1.2A 7B.6 1 CHECK TMS/PAVLOAD MECHANICAL INTERFACES 
1.2A.7B 6.2 CHECK ELECTRICAL INTERFACES 
1.2A.7B G.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
1.2A.7a,C A CHECK ELECTRICAL INTERFACES 
1.2A.7B.7 TRANSFER PAYLOAD TO LAUNCH PAD 

1.2A.7B 7.1 LOAD PAYLOAD INTO CANISTER 
1.2A.7B 7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE 
1.2A.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 
1.2A.7B.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
1.2A.7B.7.5 REMOVE CANISTER 
1.2A.7B.8 ORBITER/PAVLOAD INTEGRATION (VERTICAL) 

1.2A.7B.B.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 
1.2A.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 
1.2A.7B.B.3 CONNECT ORBITER/PAYLOAD INTERFACES 
1.2A.7B.8.4 CHECK ELECTRICAL INTERFACES 
1.2A.7B.8.5 CLOSE-OUT PAYLOAD BAY 

1.2A.7B.e.G INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
1.2A.8 COUNTDOWN AND LAUNCH 
1.2A.9 ORBITAL DEPLOYMENT AND CHECKOUT 

1.2A.9.1 SHUTTLE ATTAINS DELIVERY ORBIT 
1.2A.9.2 TESTS OF ATTACHED PAYLOAD 

1.2A.9.2.1 POWER SUBSYSTEM CHECKOUT 

1.2A.9.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
1.2A.9.3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 
1.2A 9.3.1 OPEN PAYLOAD BAY DOORS 
1 .2A.9.3.2 ACTIVATE RMS 

1.2A.9.3.3 LOCATE GRASPING FIXTURE ON TARGET ' 

1.2A.9.3.4 MOVE RMS TO FIXTURE 
1 .2A.9.3.5 GRASP FIXTURE 
1.2A.9.3.G RELEASE PAYLOAD RESTRAINTS 
1.2A.9.37 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 
1.2A.9.4 SEPARATION OF PAYLOAD FROM ORBITER 
1.2A.9.4.1 RMS RELEASES PAYLOAD 
1.2A.9.4.2 SECURE RMS IN PAYLOAD BAY 
1.2A.9.5 OPERATIONAL CHECKOUT 

1.2A,9,5,1 ACTIVATE SUBSYSTEMS 

1.2A.9.5.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
1.2A.9.5.3 POWER SUBSYSTEM CHECKOUT 
1.2A.9.5 4 THERMAL SUBSYSTEM CHECKOUT 
1.2A.9.5.5 structural SUBSYSTEM CHECKOUT 
1.2A.9.5.G COMMUNICATIONS SUBSYSTEM CHECKOUT 
1.2A.9.5.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 
1.2A.9.5.8 PROPULSION SUBSYSTEM CHECKOUT 
1.2A.9.5.9 CONSUMABLES LEVELS CHECKOUT 
1.2A.9.G IDENTIFY DEFECTIVE COMPONENT 

1.2A.9.6.1 DETERMINE ANOMALOUS DATA 
1.2A.9.6.2 FORM HYPOTHESIS FOR PROBLEM 
1.2A.9.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
1.2A.9G.4 PERFORM TEST FDR FAILURE HYPOTHESIS 
1.2A.9.6.5 IDENTIFY FAULTY COMPONENT 
1.2A.9.7 IDENTIFY DEFECTIVE SOFTWARE 

1.2A.9.7.1 COMPARE MEASURED DATA TO MODEL 
1.2A.9.7.2 DETERMINE ANOMALOUS DATA 
1.2A.9.7.3 FORM HYPOTHESIS FOR PROBLEM 


1 .2A.9 
1 
1 
1 
1 

1 .2A.9 
1 
1 
1 
1 
1 
1 
1 
1 


1.2A.9 7,4 DEVISE TEST FOR FAILURE HYPOTHESIS ' 
1.2A.9.7.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
8A COMPONENT FAILURE RECOVERY (REDUNDANCY) 
2A.9.8A.1 SWITCH OUT FAULTY COMPONENT 
2A.9.8A.2 SWITCH IN REDUNDANT COMPONENT 
2A.9.8A.3 MAKE DIAGNOSTIC CHECKS 
2A,9.eA 4 UPDATE SPACECRAFT MODEL 
8B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 


2A,9.BB 1 DEFINE ACCESS SEQUENCE 
2A.9.BB.2 LOCATE ACCESS PANEL 

2A.9.BB.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
2A 9 8B.4 OPEN ACCESS PANEL 

2A.9.8B 5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
2A.9.8B 6 REMOVE COMPONENT 
2A,9.8B 7 STORE COMPONENT 
2A.fa BB.8 LOCATE NEW COMPONENT 
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1,2A.9,BB.9 POSITION AND OONNECT NEW COMPONENT 
1.2A.9.8B.10 ADJUST COMPONENT 
1.2A.90B.11 MAKE DIAGNOSTIC CHECKS 
1.2A.9.8B.12 CLOSE ACCESS PANEL 
1.2A.9.8B.13 STOW REPAIR EQUIPMENT 
1.2A.9.0B.14 UPDATE SPACECRAFT MODEL 
1.2A.9.9 SOFTWARE FAILURE RECOVERY 

1.2A.9.9.1 DETERMINE CORRECTION ALGORITHM 
1.2A.9.9.2 DATA/COMMANO ENCODING 
1.2A.9.9.3 DATA/eOMMAND TRANSMISSION 
1.2A.9.9.4 COMPUTER FUNCTION CHECKS 
1.2A.9.10 ORBITAL TRANSFER (0= TMS/SPACECRAFT ) 

1.2A.9.10.1 INITIALIZE GUIDANCE SYSTEM 
1.2A.9.10.2 DETERMINE CURRENT ORBITAL PARAMETERS 
1.2A.9.10.3 DETERMINE DESIRED ORBITAL PARAMETF.RG 
1.2A.9.10.4 CHOOSE OPTIMAL TRAJECTORY 
1.2A.9.10.5 DETERMINE CURRENT ATTITUDE 
1.2A.9.10.6 DETERMINE DESIRED ATTITUDE 
1.2A.9.10.7 ROTATE SPACECRAFT 
1.2A.9.10.8 FIRE THRUSTERS 
1.2A.9.11 TMS UNDOCK WITH OTV 

1.2A.9,11,1 RELEASE DOCKING LATCH 
1.2A. 9.11.2 RETRACT DOCKING MECHANISM 
1.2A.9.11.3 MOVE AWAY FROM PAYLOAD 
1.2A.10 STATUS MONITORING AND RESOURCE ALLOCATION 
1.2A.10.1 TEMPERATURE MANAGMENT 

1.2A.10.1.1 MEASURE COMPONENT TEMPERATURES 
1.2A.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 
1.2A.10.1.3 ADJUST COOLING/HEATING SYSTEMS 
1.2A.10.2 POWER MANAGMENT 

1.2A. 10.2.1 MEASURE CURRENTS AND VOLTAGES 

1.2A. 10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 
1.2A.10.2 3 ADJUST CURRENTS AND VOLTAGES 
1.2A. 10.2.4 MONITOR BATTERIES 
1.2A.10.3 DATA/COMMAND PROCESSING 

1.2A.10.3 1 SHORT-TERM MEMORY STORAGE 
1.2A.10.3.2 LONG-TERM MEMORY STORAGE 
1.2A.10.3 3 DATA/COMMAND ENCODING 
1.2A. 10.3.4 DATA/COMMAND DECODING 
1.2A.10.3.5 NUMERICAL COMPUTATION 
1.2A.10.3.6 LOGIC OPERATIONS 
1.2A. 10.3.7 COMPUTER LOAD SCHEDULING 
1.2A. 10.3.8 COMPUTER FUNCTION CHECKS 
1.2A.10.4 CONSUMABLES MANAGMENT 

1.2A.10.4.1 MONITOR PROPELLANT SUPPLIES 

1.2A.10.4 2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
1.2A.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
1.2A.10.5 STRUCTURAL MANAGMENT 

1.2A.10.5 1 MEASURE STRAINS IN STRUCTURE 

1.2A.10 S.2 COMPUTE STRESS AND VIBRATION PARAMETERS 

1.2A. 10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 
1 2A. 10.5.4 APPLY COMPENSATING FORCES 
1.2A. 10.5.5 APPLY VIBRATION DAMPING 
1.2A.10.6 HAZARD AVOIDANCE 
1.2A 10.7 OPTIMAL SEQUENCING 

1.2A.10.7.1 UPDATE SPACECRAFT MODEL 

1.2A 10 7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
1.2A.10.7 3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
1.2A.10 7 4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
1.2A.10.7 5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
1.2A.10.7.6 COMPUTE OPTIMAL SEQUENCING 
1.2A.10.8 IDENTIFY DEFECTIVE COMPONENT 

1.2A.10.8.1 DETERMINE ANOMALOUS DATA 
1.2A.10.B.2 FORM HYPOTHESIS FOR PROBLEM 
1.2A.10.B.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
1.2A.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
1.2A.10 8.5 IDENTIFY FAULTY COMPONENT 
1.2A.10.9 IDENTIFY DEFECTIVE SOFTWARE 

1.2A. 10.9.1 COMPARE MEASURED DATA TO MODEL 
1.2A.10.9 2 DETERMINE ANOMALOUS DATA 
1.2A. 10.9.3 FORM HYPOTHESIS FOP PROBLEM 
1.2A.10.9 4 DEVISE test FOR FAILURE HYPOTHESIS 


on: 

OF 
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1.2A 10.0,0 PERFORM TEST FOR FAILURE HYPOTHESIS 
1.2A.10.10A COMPONENT FAll URE RECOVERY ( REDUNDANCY) 

1 .2A. 10, 10A. 1 SWITCH OUT FAULTY COMPONENT 
1 ,2A, 10. 10A.2 SWITCH IN REDUNDANT COMPONENT 
1 .2A. 10. 10A.3 MAKE DIAGNOSTIC CHECKS 
1 .2A. 10. 10A.4 UPDATE SPACECRAFT MODEL 
1.2A.10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

1.2A IO.iOB.1 DEFINE ACCESS SEQUENCE 
1.2A.10 10B.2 LOCATE ACCESS PANEL 

1 .2A. 10. 10B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
1.2A.10 10B.4 OPEN ACCESS PANEL 
1.2A.10 10B.B OBSERVE/LOCATE DEFECTIVE COMPONENT 
1 .2A. 10. lOB.G REMOVE COMPONENT 
1 .2A, 10. 10B.7 STORE COMPONENT 
1 .2A. 10. lOB.r LOCATE NEW COMPONENT 
1.2A.10.10B B POSITION AND CONNECT NEW COMPONENT 
1 .2A, 10. 10B. 10 ADJUST COMPONENT 
1 .2A. 10. 10B. 11 MAKE DIAGNOSTIC CHECKS 
1 .2A . 10. 10B . 12 CLOSE ACCESS PANEL 
1 .2A. 10. 10B. 13 STOW REPAIR EQUIPMENT 
1 .2A. 10. 10B. 14 UPDATE SPACECRAFT MODEL 
1.2A.10 11 SOFTWARE FAILURE RECOVERY 

1.2A.10.11.1 DETERMINE CORRECTION ALGORITHM 
1 2A. 10.11.2 DATA/COMMAND ENCODING 
1.2A. 10.11.3 DATA/CDMMAND TRANSMISSION 
1.2A.10.11.4 COMPUTER FUNCTION CHECKS 
1.2A.10.12 REPORT SYSTEM STATUS 

1.2A.10.12.1 DATA/COMMAND ENCODING 
1.2A. 10.12.2 DATA/COMMaND TRANSMISSION 
1.2A.10.12.3 data/command DECODING 
1.2A. 10.12.4 DATA/COMMAND DISPLAY 
1.2A.11 DOCK WITH SPACECRAFT 
1 .2A. 1 1 . 1 ADJUST ORBIT 

1.2A.11.1.1 INITIALIZE GUIDANCE SYSTEM 
1.2A11.1.2 determine CURRENT ORBITAL PARAMETERS 
1.2A. 11.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
1,2A,11,1,4 choose OPTIMAL TRAJECTORY 
1 .2A. 1 1 . 1 .5 FIRE THRUSTERS 
1 ,2A . 11 .2 ADJUST ATTITUDE 

1.2A 11,2,1 DETERMINE CURRENT ATTITUDE 
1.2A, 11.2.2 determine DESIRED ATTITUDE 

1.2A.11.2.3 determine NEW CONFIGURATION FDR SPACECRAFT COMPONENTS 
1.2A.11.2.4 CHOOSE OPTIMAL TRAJECTORY 
1.2A. 11.2.5 ROTATE SPACECRAFT 
1.2A.11.3 OPTIMAL CONTROL ALLOCATION 

1.2A.1 1.3.1 UPDATE SPACECRAFT MODEL 

1.2A, 11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
1.2A.11.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
1.2A.11.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
1.2A.11.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
1.2A.11.3.6 choose OPTIMAL CONTROL MODE 
1.2A. 11.3.7 COMPUTE CONTROL COMMANDS 
1.2A.11.3.8 EXECUTE CONTROL COMMANDS 
1.2A.11.4 DOCK TMS TO SPACECRAFT 

1.2A.11.4.1 LOCATE DOCKING TARGET 
1.2A.11.4.2 EXTEND DOCKING MECHANISM 
1.2A.11.4.3 fasten DOCKING LATCH 
1.2A.12 DIAGNOSTIC CHECK (OF SPACECRAFT) 

1.2A.12.1 IDENTIFY DEFECTIVE COMPONENT 

1.2A.12.1.1 DETERMINE ANOMALOUS DATA 
1.2A.12.1.2 FORM HYPOTHESIS FOR PROBLEM 
1.2A. 12.1.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
1.2A.12.1.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
1.2A.12.1.5 IDENTIFY FAULTY COMPONENT 
1.2A.12.2 IDENTIFY DEFECTIVE SOFTWARE 

1.2A.12.2.1 COMPARE MEASURED DATA TO MODEL 
1.2A. 12.2.2 DETERMINE ANOMALOUS DATA 
1.2A.12.2.3 form hypothesis FOR PROBLEM 
1.2A. 12.2.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
1.2A.12.2.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
1.2A.13 COMPONENT/SOFTWARE REPLACEMENT 
1.2A.13 1 COMPONENT REPLACEMENT 
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1.2A.13.1.1 DEFINE ACCESS SEQUENCE 
1.2A.13.1.2 LOCATE ACCESS PANEL 

1.2A,13.1.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 

1.2A.13.1.4 OPEN ACCESS PANEL 

1.2A.13.1.6 OBSERVE/LOCATE DEFECTIVE COMPONENT 

1.2A.13.1.6 REMOVE COMPONENT 

1.2A.13.1.7 STORE COMPONENT 

1.2A.13.1.B LOCATE NEW COMPONENT 

1.2A.13.1.9 POSITION AND CONNECT NEW COMPONENT 

1 .2A. 13. 1 . 10 ADJUST COMPONENT '■ ' 

1.2A.13.1.11 MAKE DIAGNOSTIC CHECKS 
1.2A.13.1.12 CLOSE ACCESS PANEL 
1.2A.13.1.13 STOW REPAIR EQUIPMENT 
1.2A.13.1.14 UPDATE SPACECRAFT MODEL 
1.2A.13.2 SOFTWARE REPLACEMENT 

1.2A. 13.2.1 DATA/COMMAND ENCODING 
1.2A. 13.2.2 DATA/COMMAMD TRANSMISSION 
1.2A. 13.2.3 COMPUTER FUNCTION CHECKS 
1.2A.14 RESUPPLY CONSUMABLES 

1.2A.14.1A FLUID REPLACEMENT (UMBILICAL) 

1.2A.14.1A.1 LOCATE ACCESS PANEL 
1.2A.14.1A.2 OPEN ACCESS PANEL 
1.2A.14.1A.3 CLOSE INTERNAL VALVES 
1.2A.14.1A.4 EXTEND AND ATTACH UMBILICAL 
1.2A.14.1A.5 OPEN SUPPLY VALVE 
1.2A.14.1A.6 MONITOR FLUID TRANSFER 
1.2A.14.1A.7 CLOSE SUPPLY VALVE 
1.2A.14.1A.8 DETACH AND RETRACT UMBILICAL 
1.2A.14.1A.9 OPEN INTERNAL VALVES 
1 .2A . 14 . 1A. 10 CHECK FOR LEAKS 
1 ,2A, 14 . 1A. 1 1 CLOSE ACCESS PANEL 
1.2A.14.1B FLUID REPLACEMENT (TANK REPLACEMENT) 

1.2A.14.1B.1 LOCATE ACCESS PANEL 

1.2A.14.1B.3 transfer repair EQUIPMENT TC REPAIR SHE 
1.2A.14.1B.3 OPEN ACCESS PANEL 
1.2A.14.1B.4 CLOSE INTERNAL VALVES 
1.2A.14.1B.5 LOCATE OLD TANK 
1.2A.14.1B.6 DISCONNECT OLD TANK 
1.2A.14.1B.7 REMOVE OLD TANK 
1.2A 14.1B.8 STORE OLD TANK 
1.2A.14.1B.9 LOCATE NEW TANK 
1 .2A. 14 . 1B. 10 install NEW TANK 
1 . 2A . 14 . IB , 1 1 CONNECT NEW TANK 
1 . 2A . 14 . 1B . 12 OPEN INTERNAL VALVES 
1 .2A. 14. IB. 13 CHECK FOR LEAKS 
1 ,2A. 14. 1B. 14 CLOSE ACCESS PANEL 
1 .2A . 14 . IB . 15 STOW REPAIR EQUIPMENT 
1.2A.15 NON-ROUTINE MAINTENANCE AND REPAIR 
1.2A.16 REDEPLOY SPACECRAFT 

1.2A.16.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 

1.2A.16.1.1 INITIALIZE GUIDANCE SYSTEM 
1.2A.16.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
1.2A.16.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
1.2A.16.1.4 choose OPTIMAL TRAJECTORY 
1.2A.16.1.5 DETERMINE CURRENT ATTITUDE 
1.2A.16.1.6 DETERMINE DESIRED ATTITUDE 
1.2A.16.1.7 ROTATE SPACECRAFT 
1 .2A. 16. 1 .8 FIRE THRUSTERS 
1.2A.16.2 UNDOCK TMS FROM PAYLOAD 

1.2A.16.2.1 RELEASE DOCKING LATCH 
1.2A. 16.2.2 RETRACT DOCKING MECHANISM 
1.2A. 16.2.3 MOVE AWAY FROM PAYLOAD 

1.2A.16.3 OPERATIONAL CHECKOUT AND ATTITUDE ADJUSTMENT OF SPACECRAFT 
1.2A.17 DOCK WITH SPACECRAFT 
1 .2A. 17 . 1 ADJUST ORBIT 

1.2A.17.1.1 INITIALIZE GUIDANCE SYSTEM 
1.2A.17.1.2 DETERMINE CURRENT ORBITAL PAkAMETERS 
1.2A.17.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
1.2A.17.1.4 CHOOSE OPTIMAL TRAJECTORY 
1 .2A, 17 . 1 .5 FIRE THRUSTERS 
1.2A.17.2 ADJUST ATTITUDE 

1.2A. 17.2,1 DETERMINE CURRENT ATTITUDE 
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1.2A.17 2,2 DETERMINE DE5IRED ATTITUDE 

1.2A.17 2 3 determine NEW C0NFI6URATT0N FOR I5PACECRAFT COMPONENTS 
1.2A.17 2 <3 CHOOSE OPTIMAL TRAJECTDRV 
1.2A.i7 2,5 ROTATE SPACECRAFT 
1.2A.17.3 optimal CONTROL ALLOCATION 

1.2A.17.3.t UPDATE SPACECRAFT MODEL 

1.2A.17 3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
I.SA.17,3 3 estimate RISKS FROM DESIRED FUNCTIONS 
1.2A 17 3 a PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
1.2A. 17.3,5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
1.2A.173.C CHOOSE OPTIMAL CONTROL MODE 
1.2A 17,3.7 COMPUTE CONTROL COMMANDS 
1.2A. 17.3.8 EXECUTE CONTROL COMMANDS 
1.2A.17.4 DOCK TMS TO SPACECRAFT 

1.2A.17.4.1 LOCATE DOCKING TARGET 
1.2A. 17.4.2 EXTEND DOCKING MECHANISM 
1.2A. 17,4,3 fasten DOCKING LATCH ' 

1 ,2A. IB DEBRIS DISPOSAL 

1.2A.1B.1 ORBITAL TRANSFER 

1.2A.18.1.1 initialize GUIDANCE SVSTEM 
1.2A.ie.1,2 DETERMINE CURRENT ORBITAL PARAMETERS 
1.2A, 18.1,3 DETERMINE OESIREO ORBITAL PARAMETERS 
1.2A 18 1.4 CHOOSE OPTIMAL TRAJECTORY 
1.2A.1B 1.5 DETERMINE CURRENT ATTITUDE 
1.2A.18.1.G DETERMINE DESIRED ATTITUDE 
1.2A.1B 1.7 FIRE THRUSTERS 

1.2A.1B 1.8 COAST TO SUPERSYNCHRONOUS ORBIT 
1 .2A. 1B.2 DEBRIS DISPOSAL 

1.2A.18 21 transfer DEBRIS TO DISPOSAL POSITION 
1.2A. 18.2.2 jettison DEBRIS 
1.2A.19 RENDEZVOUS WITH ORBITER 

1.2A.19.1 ORBITAL TRANSFER (OF TMS) 

1.2A.1Q.1 1 INITIALIZE GUIDANCE SYSTEM 
1.2A.19.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
1.2A.19.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
1.2A.19.1.4 CHOOSE OPTIMAL TRAJECTORY 
1.2A.19.1.5 DETERMINE CURRENT ATTITUDE 
1.2A.19.1 a DETERMINE DESIRED ATTITUDE 
1.2A.19.1.7 ROTATE SPACECRAFT 
1 .2A 19.1,8 FIRE THRUSTERS 
1.2A.19.2 SHUTDOWN TMS FOR RETRIEVAL 
1.2: , ’'J 2.1 STOW TMS ANTENNA 
1.2A. 19,2.2 DEACTIVATE TMS SUBSYSTEMS 
1.2A.20 RETRIEVAL BY ORBITER 

1.2A.20.1 ADJUST ORBIT (OF ORBITER) 

1.2A.20.1.1 INITIALIZE GUIDANCE SYSTEM 
1.2A.20.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
1.2A.20 1.3 determine DESIRED ORBITAL PARAMETERS 
1.2A.20.1 4 CHOOSE OPTIMAL TRAJECTORY 
1 .2A.20 1.5 FIRE THRUSTERS 
1 2A.20.2 ADJUST ATTITUDE (OF ORBITER) 

1.2A.20 21 DETERMINE CURRENT ATTITUDE 
1.2A.-20 2.2 DETERMINE DESIRED ATTITUDE 

1.2A.20 2 3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 
1.2A.202 4 CHOOSE OPTIMAL TRAJECTORY 
1.2A.20 2.5 ROTATE SPACECRAFT 
1.2A.20.3 OPTIMAL CONTROL ALLOCATION 

1.2A.20 3.1 update SPACECRAFT MODEL 

1.2A.20 3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
1.2.A.20.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
1.2A.20.3 4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
1.2A.20 3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
1.2A.20 3.5 CHOOSE OPTIMAL CONTROL MODE 
1.2A.20.3.7 COMPUTE CONTROL COMMANDS 
1.2A.20 3 8 EXECUTE CONTROL COMMANDS 
1.2A.20.4 ORBITER RECOVERY OF TMS 
1 .2A.20.4 1 ACTIVATE RMS 

1.2A.20.4 2 LOCATE GRASPING FIXTURE ON TARGET 

1.2A.20 43 MOVE RMS TO FIXTURE 

1 .2A.20 4 4 GRASP FIXTURE 

1.2A.20 4.5 LOCATE CRADLE IN PAYLOAD BAY 

1.2A 20 47 TRANSLATE PAYLOAD TO CRADLE 
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1.2A.20.<1 7 LOCATE PAYLOAD RESTRAINTS 
1.2A.20 4 8 PASTEN PAYLOAD RESTRAINTS 
1.2A 20 4 9 RMS RELEASES PAYLOAD 
1.2A.20.4.10 SECURE RMS IN PAYLOAD BAY 
1.2A.21 PPENTRY AND LANDING 
1.2A.22 POST-FLIGHT OPERATIONS 

1.2A.22.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 
1.2A.22.2 REMOVAL OF PAYLOADS FROM ORBITER 

1.2B SERVICING MAINTENANCE AND REPAIR (OiV ONLY) 


This mission Involves two pose ibi 1 i t les : either an OTV carrying supplies 
of consumables which would bo traneforrod to the 6SP via umbilical, or, in 
the event that the GSP had its own manipulator with limited capability, an 
OTV with a repair kit In addition to supplies of consumbaleo. 


1.2B.1 DESIGN 

1.2B.1.1 define REQUIREMENTS 
1 .2B. 1 .2 MISSION ANALYSIS 
1.2B.1.3 PAYLOAD ACCOMODATIONS 
1.2B.1.4 CREATE FUNCTIONAL LAYOUT 
12B.1.B FAILURE MODES ANALYSIS 
1.2B.1.6 CREATE MECHANICAL LAYOUT 
1 ,2P 1.7 SAFETY REVIEW 
1.2B.1.8 DESIGN OF COMPONENTS 
1.2B.1.9 SOFTWARE DEVELOPMENT 
1.2B.2. COMPONENT FABRICATION 

1.2B.2.1 PROCURE OFF-THE-SHELF COMPONENTS 

1.2B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

1.2B.2.3 PROCURE MANUFACTURING EQUIPMENT 

1.2B.2.4 MANUFACTURE COMPONENTS 
1 .2B.3 COMPONENT TEST 

1.2B.3.1 SET UP TEST FACILITIES 
1.2B.3.2 STRUCTURAL LOADS TESTS 
1.2B.3.3 DATA PROCESSING AND SOFTWARE TESTS 
1.2B.3 4 ELECTRICAL SYSTEMS TESTS 
1.2B.3.5 THERMAL AND VACUUM TESTS 
1 .2B.3.6 THRUSTER TESTS 
1.2B.3 7 SOLAR ARRAY DEPLOYMENT ’'CSTS 
1.2B.3.8 COMPONENT CERTIFICATION 
1.2B.4 SYSTEM INTEGRATION 
1 ,2B.5 SYSTEM TEST 

1.2B.5.1 POWER SUBSYSTEM TESTS 
1.2B.5.2 thermal SUBSYSTEM TESTS 
1.2B.5.3 STRUCTURE SUBSYSTEM TESTS 
1.2B.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
1.2B.5.5 COMMUNICATIONS SUBSYSTEM TESTS 
1.2B.5 6 ATTITUDE CONTROL SUBSYSTEM TESTS 
1.2B.5.7 PROPULSION SUBSYSTEM TESTS 
1.2B.5.8 TRAFFIC ROUTING SUBSYSTEM TESTS 
1.2B.5.9 INTEGRATED 5YS1EMS TF.STS 
1.2B.5.10 FAILURE MODES SIMULATION 
1.2B.5.11 SYSTEM CERTIFICATION 
1.2B.6 SHIPPING TO LAUNCH SITE 

1.28.6.1 REMOVE TEST EQUIPMENT 
1.2B.6.2 perform NECESSARY DISASSEMBLY 
1 . 2B 6 . 3 PACKING 

1.2B.6.4 TRANSPORT TO LAUNCH SITE 
1.2B.7 PAYLOAD INTEGRATION AND CHECKOUT 
1.2B.7.1 UNPACKING 

1.2B.7.2 PERFORM NECESSARY REASSEMBLY 
1.2B.7.3 INTEGRATED SYSTEMS TESTS 

1.2B.7.3.1 VERIFY POWER SYSTEM FUNCTION 
1.2B.7.3.2 VERIFY COMMAND SYSTEM FUNCTION 
1.2B.7.3.3 verify MECHANICAL SYSTEM FUNCTION 
12B.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
1.2B.7.3.5 MISSION SEQUENCE SIMULATION 
1.2B.7.4 TRANSFER TO VERTICAL PROCESSING FACILITY 
1.2B.7.4 1 LOAD PAYLOAD INTO CONTAINER 

1.2B.7.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 
1.2B.7.4.3 UNLOAD CONTAINER 
1.28.7.5 INTEGRATION WITH BOOSTERS 
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1.2B.7.G PERFORM INTERFACES CHECK 

1.2B.7.C 1 CHECK SHUTTLE/PA'aOAD MECHANICAL INTERFACES 
1.2B.7.C.2 CHECK ELECTRICAL INTERFACES 
1.2B.7.6.3 CHECK PAVLOAD/BOOSTER MECHANICAL INTERFACES 
1.2B.7.6.A CHECK ELECTRICAL INTERFACES 
1.2B.7.7 TRANSFER TO LAUNCH PAD 

1.26.7.7.1 LOAD PAYLOAD INTO CANISTER 
1.2B.7.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE 

1. 26. 7. 7. 3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 

1.26. 7. 7. A LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
1.26,7.7.5 REMOVE CANISTER 
1.2B.7.B ORBITER/PAYLOAD INTEGRATION (VE'iTICAL) 

1.2B.7.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBI7ER 
1.2B.7.B.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 

1.26.7.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
1.2B.7.B.4 CHECK ELECTRICAL INTERFACES 
1.2B.7.8.5 CLOSE-OUT PAYLOAD BAY 

1.2B.8 COUNTDOWN AND LAUNCH 
1 .2B.8. 1 cabin closeout 
1.2B.8.2 PAYLOAD SERVICING {AS REQUIRED) 

1.2B.8.3 VEHICLE CLOSEOUT 
1.2B.8.4 LAUNCH COUNTDOWN 
1 .2B.8.5 LIFTOFF 

1.2B.9 ORBITAL DEPLOYMENT AND CHECKOUT 

1.2B.9.1 SHUTTLE ATTAINS DELIVERY ORBIT 
1.2B.9.2 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 
1.2B.9.2.1 OPEN PAYLOAD BAY DOORS 

1 .28.9.2.2 ACTIVATE RMS 

1.2B.9.2.3 LOCATE GRASPING FIXTURE ON TARGET 
1.2B.9.2.4 MOVE RMS TO FIXTURE 
1 .2B.9.2.5 GRASP FIXTURE 
1.2B.9.2.6 RELEASE PAYLOAD RESTRAINTS 
1.2B.9.2.7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 
1.2B.9.3 SEPARATION OF PAYLOAD FROM ORBITER 
1.28.9.3.1 RMS RELEASES PAYLOAD 
1,28.9 3.2 SECURE RMS IN PAYLOAD BAY 
1.2B.9.4 ORBITAL TRANSFER 

1.2B.9.4.1 INITIALIZE GUIDANCE SYSTEM 
1.2B.9.4.2 DETERMINE CURRENT ORBITAL PARAMETERS 
1.2B.9.4.3 DETERMINE DESIRED ORBITAL PARAMETERS 
1.2B.9.4.4 CHOOSE OPTIMAL TRAJECTORY 
1.2B.9.4.5 DETERMINE CURRENT ATTITUDE 
1.2B.9.4.G DETERMINE DESIRED ATTITUDE 
1.2B.9.4.7 ROTATE SPACECRAFT 
1.2B.9.4.8 FIRE THRUSTERS 
1.2B.10 DOCK WITH SPACECRAFT (GSP) 

1 .2B. 10. 1 ADJUST ORBIT 

1.2B.10.1.1 INITIALIZE GUIDANCE SYSTEM 
1.2B.10.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
1.2B.10.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
1.2B.10.1.4 CHOOSE OPTIMAL TRAJECTORY 
1.2B.10.1.5 FIRE thrusters 
1.1.2B.10.2 adjust attitude 

1.2B.10.2.1 DETERMINE CURRENT ATTITUDE 
1.2B.10.2.2 DETERMINE DESIRED ATTITUDE 

1.2B. 10.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

1.2 10.2.4 CHOOSE OPTIMAL TRAJECTORY 
1.2B. 10.2.5 ROTATE SPACECRAFT 

1.2B.10.3 OPTIMAL CONTROL ALLOCATION 

1.2B. 10.3.1 UPDATE SPACECRAFT MODEL 

1.2B.103.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
1.2B.10.T.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
1.2B. 10.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
1.2B. 10,3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
1.2B. 10.3.6 CHOOSE OPTIMAL CONTROL MODE 
1.2B.10 3.7 COMPUTE CONTROL COMMANDS 
1.2B. 10.3.8 EXECUTE CONTROL COMMANDS 
1.2B.10.4 DOCK TMS TO SPACECRAFT 

1.2B.10.4.1 LOCATE DOCKING TARGET 
1.2B.10 4.2 EXTEND DOCKING MECHANISM 
1.2B.10.4.3 fasten DOCKING LATCH 
1.2B.11 DIAGNOSTIC CHECK (OF SPACECRAFT) 
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1.2B.11.1 IDENTIFY DEFECTIVE COMPONENT t % ... 

1.26.11.1.1 DETERMINE ANOMALOUS DATA 
1.2B.11.1.2 FORM HYPOTHESIS FOR PROBLEM 

1,26.11.1.3 DEVISE TEST FOR FAILURE HYPOTHESIS 

1. 26. 11. 1.4 PERFORM TEST FOR FAILURE HYPOTHESIS 

1.26.11.1.5 IDENTIFY FAULTY COMPOMFivT 

1.26,11.2 IDENTIFY DEFECTIVE SOFTWARE 

1.26,11.2.1 COMPARE MEASURED DATi TO MODEL 

1.26.11.2.2 DETERMINE ANOMALOUS DATA 

1.26.11.2.3 FORM HYPOTHESIS FOR PROHlEM 

1.28.11.2.4 DEVISE TEST FOR FAILUfJl HYPOTHESIS 

1.26.11.2.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
1.2B.12 COMPONENT/SOFTWARE REPLACEMENT 

1.28.12,1 COMPONENT REPLACEMENT 

1.26.12.1.1 DEFINE ACCESS SEQUENCE 

1.28.12.1.2 LOCATE ACCESS PANEL 

1.26.12.1.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 

1.26.12.1.4 OPEN ACCESS PANEL 

1.26.12.1.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 

1.26.12.1.6 REMOVE COMPONENT 

1.26.12.1.7 STORE COMPONENT 

1.26.12.1.8 LOCATE NEW COMPONENT 

1.26.12.1.9 POSITION AND CONNECT NEW COMPONENT 

1.26.12.1.10 ADJUST COMPONENT 

1.26.12.1.11 MAKE DIAGNOSTIC CHECKS 

1.26.12.1.12 CLOSE ACCESS PANEL 

1.26.12.1.13 STOW REPAIR EQUIPMENT 

1.26.12.1.14 UPDATE SPACECRAFT MODEL 

1.26.12.2 SOFTWARE REPLACEMENT 

1.26,12.2.1 DATA/COMMAND ENCODING 

1.26.12.2.2 DATA/COMMAND TRANSMISSION 

1.26.12.2.3 COMPUTER FUNCTION CHECKi 
1.26.13 RESUPPLY CONSUMABLES 

1.26.13.1 FLUID REPLACEMENT (UMBILICAL) 

1.26.13.1,1 LOCATE ACCESS PANEL 

1.26.13.1.2 OPEN ACCESS PANEL 

1. 26. 13. 1.3 CLOSE INTERNAL VALVES 

1.26.13.1.4 EXTEND AND ATTACH UMBILICAL 

1.26.13.1.5 OPEN SUPPLY VALVE 

1.26.13.1.6 MONITOR FLUID TRANSFER 

1.26.13.1.7 CLOSE SUPPLY VALVE 

1,26.13.1.8 DETACH AND RETRACT UMBILICAL 

1.26.13.1.9 OPEN INTERNAL VALVES 

1.26.13.1,10 CHECK FOR LEAKS 

1.26.13.1.11 CLOSE ACCESS PANEL 

1.26.14 NON-ROUTINE MAINTENANCE AND REPAIR 

1.26.15 REDEPLOY SPACECRAFT (OTV) 

1.26.15.1 ORBITAL TRANSFER 

1.26.15.1.1 INITIALIZE GUIDANCE SYSTEM 

1.26.15.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

1.26.15.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

1.26.15.1.4 CHOOSE OPTIMAL TRAJECTORY 

1.26.15.1.5 DETERMINE CURRENT ATTITUDE 

1.26.15.1.6 DETERMINE DESIRED ATTITUDE 

1.26.15.1.7 ROTATE SPACECRAFT 

1.26.15.1.8 FIRE THRUSTERS 

1.26.15.2 UNDOCK TMS FROM PAYLOAD 

1.26.15.2.1 RELEASE DOCKING LATCH 

1.26.15.2.2 retract DOCKING MECHANISM 

1.26.15.2.3 MOVE AWAY FROM PAYLOAD 

1.26.15.3 OPERATIONAL CHECKOUT AND AT'^TTUOE ADJUSTMENT OF SPACECRAFT 
1.2B.16 RENDEZVOUS WITH ORBITER 

1.28.16.1 ORBITAL TRANSFER (OF OTV) 

1.26.16.1.1 INITIALIZE GUIDANCE SYSTEM 

1.26.16.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

1.26.16.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

1.26.16.1.4 CHOOSE OPTIMAL TRAJECTORY 

1.26.16.1.5 DETERMINE CURRENT ATTITUDE 

1.26.16.1.6 DETERMINE DESIRED ATTITUDE 

1.26.16.1,7 ROTATE SPACECRAFT 

1.26.16,1.8 FIRE THRUSTERS 

1,26.16.2 SHUTDOWN TMS FOR RETRIEVAL 
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1.20.16.2.1 STOW TM5 ANTENNA 
1.2B.1G.2.2 DEACTIVATE TMS SUBSYSTEMS 

1.2B.17 retrieval by OR0ITER 

1.2B.17 1 adjust orbit (OF ORBITER) 

1.2B.17.1.1 initialize GUIDANCE SYSTEM 
1.2B.17.1.2 determine CURRENT ORBITAL PARAMETERS 
1.2B.171.3 determine DESIRED ORBITAL PARAMETERS 
1.2B.17.1.4 CHOOSE OPTIMAL TRAJECTORY 

1.28.17.1.5 FIRE THRUSTERS 
1.2B.17.2 ADJUST ATTITUDE (OF ORBITER) 

1.28.17.2.1 DETERMINE CURRENT ATTITUDE 
1.2B. 17.2.2 DETERMINE DESIRED ATTITUDE 

1.2B. 17.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 
1.2B.17.2.4 CHOOSE OPTIMAL TRAJECTORY 

1.28.17.2.5 ROTATE SPACECRAFT 
1.2B.17.3 optimal control ALLOCATION 

1.26.17.3.1 UPDATE SPACECRAFT MODEL 

1.26.17.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

1.26.17.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

1.2B 17.3 4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
1.2B.17.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
1.2B.17.3.G CHOOSE OPTIMAL CONTROL MODE 
1,28.17.3.7 COMPUTE CONTROL COMMANDS 
1.2B.17.3 8 EXECUTE CONTROL COMMANDS 
1.2B.17.4 ORBITER RECOVERY OF TMS 

1.28.17,4.1 ACTIVATE RMS 

1.2B. 17.4.2 LOCATE GRASPING FIXTURE ON TARGET 
1.2B.17 4.3 MOVE RMS TO FIXTURE 

1.28.17.4.4 GRASP FIXTURE 

1,28 17 4 5 LOCATE CRADLE IN PAYLOAD BAY 

1.28.17.4.6 TRANSLATE PAYLOAD TO CRADLE 

1.28.17.4.7 LOCATE PAYLOAD RESTRAINTS 

1.28.17 4.8 FASTEN PAYLOAD RESTRAINTS 

1.28.17 4.9 RMS RELEASES PAYLOAD 
1.28.17,4.10 SECURE RMS IN PAYLOAD 8AY 

1.28.18 REENTRY AND LANDING 

1.28.19 POST-FLIGHT OPERATIONS 

1.28.19.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 

1.28.19.2 REMOVAL OF PAYLOADS FROM ORBITER 
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Th« main data Kources used in preparing this breakdown are: NASA TM-7B285 

AXAF Science Working Group Report, May 1980; AXAF Phase A Reference Concept, 
NASA-MSFC. November 19B0. 


2 Advanced X-Ray Astrophysics Facility (AXAF) 

2.iA INITIAL DEPLDYMENT (SHUTTLE WITH QMS KIT) 

2.1A.1 DESIGN 

2.1A.1.1 DEFINE REQUIREMENTS 
2.1A.1.2 MISSION ANALYSIS 

2.1 A, 1.3 PAYLOAD ACCOMMODATIONS 
2.1A.1.4 CREATE FUNCTIONAL LAYOUT 
2.1A.1.S FAILURE MODES ANALYSIS 

2.1A.1.6 ADJUST DESIGN FOR MAINTENANCE AND REPAIR 
2.1A.1.7 CREATE MECHANICAL LAYOUT 
2. 1A. 1 .8 SAFETY REVIEW 
2.1A.1.9 DESIGN OF COMPONENTS 

2.1 A. 1.10 SOFTWARE DEVELOPMENT 
2.1A.2 COMPONENT FABRICATION 

2.1A.2.1 PROCURE OFF-THE-SHELF COMPONENTS 
2.1A.2.2 PROCURE MATERIALS FDR MANUFACTURED COMPONENTS 
2.1A.2.3 PROCURE MANUFACTURING EQUIPMENT 

2.1 A. 2. 4 MANUFACTURE COMPONENTS 
2.1A.2.5 MIRROR SURFACE FINISHING 
2 . 1A.3 COMPONENT TEST 

2.1A.3.1 SET UP TEST FACILITIES 
2.1A.3.2 STRUCTURAL LOADS TESTS 
2.1A.3.3 DATA PROCESSING AND SOFTWARE TESTS 
2.1A.3.4 SOLAR ARRAY DEPLOYMENT TESTS 
2.1A.3.5 ELECTRICAL SYSTEMS TESTS 
2.1A.3.6 THERMAL AND VACUUM TESTS 
2.1A.3.7 DETECTOR ALIGNMENT TESTS 
2.iA.3.B MIRROR DRIVE SYSTEMS TESTS 
2.1A.3.9 MIRROR OPTICAL TESTS 
2.1A.3.10 COMPONENT CERTIFICATION 
2.1A.4 SYSTEM INTEGRATION 
2. 1A.5 SYSTEM TEST 

2.1A.5.1 POWER SUBSYSTEM TESTS 
2.1A.5.2 THERMAL SUBSYSTEM TESTS 
2.1A.5.3 STRUCTURE SUBSYSTEM TESTS 
2.1A.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
2.1A.5.5 COMMUNICATIONS SUBSYSTEM TESTS 
2.1A.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS 
2.1A.5.7 OPTICAL SUBSYSTEM TESTS 
2.1A.5,8 INTEGRATED SYSTEMS TESTS 
2.1A,5.9 FAILURE MODES SIMULATION 
21A.5.10 SYSTEM CERTIFICATION 
2.1A.6 SHIPPING TO LAUNCH SITE 

2.1A.6.1 REMOVE TEST EQUIPMENT 
2.1A.6.2 PERFORM NECESSARY DISASSEMBLY 
2. 1A.6.3 PACKING 

2.1A.6.4 TRANSPORT TO LAUNCH SITE ■ 

2.1A.7 PAYLOAD INTEGRATION AND CHECKOUT 
2.1A.7.1 UNPACKING 

2.1A.7.2 PERFORM NECESSARY REASSEMBLY 
2.1A.7.3 INTEGRATED SYSTEMS TESTS 

2.1A.7.3.1 VERIFY POWER SYSTEM FUNCTION 
2.1A.7.3.2 VERIFY COMMAND SYSTEM FUNCTION 
2.1A.7,3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
2.1A.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
2.1A.7.3.5 VERIFY DETECTOR SYSTEM FUNCTION 
2.1A.7.3.G MISSION SEQUENCE SIMULATION 
2.1A,7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 
2.1A.7.4.1 LOAD PAYLOAD INTO CONTAINER 
2.1A.7.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
2.1A.7.4.3 ATTACH STRONGBACK TO PAYLOAD 
2.1A.7.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
2.1A.7.5 PERFORM INTERFACES CHECK 

2.1A.7.5.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
2.1A.7.5.2 CHECK ELECTRICAL INTERFACES 
2,1A.7.6 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY 
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OF F- ■ • ' “ 2.1A.7.6.1 ATTACH STRONGBACK TO PAVLOAD 

2.1A.7.6.2 LOAD PAYLOAD INTO CANISTER 

2.1 A, 7. 6. 3 REMOVE STRONGBACK 
2.1A.7.6.4 CLOSE CANISTER 

2.1A.7.6.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITV 
2.1A.7.7 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

2.1 A. 7. 7.1 ATTACH STRONGBACK TO PAYLOAD 
2.1A.7.7.2 INSTALL PAYLOAD IN ORBITER 
2.1A.7.7.3 CONNECT ORBITER/PAYLOAD INTERFACES 
2.1A.7.7.4 CHECK ELECTRICAL INTERFACES 
2.1A.7.7.B INSTALLATION OF OMS KIT 
2.1A.7.7.G CLOSE-OUT PAYLOAD BAY 

2.1 A. 8 COUNTDOWN AND LAUNCH 
2.1A.9 ORBITAL DEPLOYMENT AND CHECKOUT 

2.1A.9.1 SHUTTLE ATTAINS DELIVERY ORBIT ‘ 

2.1A.9.2 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 
2.1A,9,2.1 OPEN PAYLOAD BAY DOORS 
2.1A.9.2.2 LOCATE GRASPING FIXTURE ON TARGET 


The target Is AXAF . 


2. 1A.9.2.3 GRASP FIXTURE 

2.1A.9.2.4 RELEASE PAYLOAD RESTRAINTS 

2.1A.9.2.5 TILT PAYLOAD TO VERTICAL POSITION 


AXAF Is mounted on a tilt-table. 


2.1A.9.3 EXTEND DEPLOYABLE COMPONENTS 

2.1A.9.3.1 LOCATE SOLAR ARRAY RESTRAINTS 
2.1A.9.3.2 RELEASE SOLAR ARRAY RESTRAINTS 
2.1A.9.3.3 LOCATE GRASPING FIXTURE ON TARGET 


The target is the AXAF solar array. 


2. 1A.9.3.4 GRASP FIXTURE 
2.1A.9.3.5 DEPLOY SOLAR ARRAYS 
2.1A.9.3.6 LOCATE SUNSHADE RESTRAINTS 
2.1A.9.3.7 RELEASE SUNSHADE RESTRAINTS 
2.1A.9.3.8 LOCATE GRASPING FIXTURE ON TARGET 


The target is the AXAF sunshade. 


2. 1A.9.3.9 GRASP FIXTURE 

2.1 A. 9. 3. 10 OPEN SUNSHADE 

2.1 A. 9. 3. 11 DEPLOY TDRSS ANTENNAS 
2.1A.9.4 TESTS OF ATTACHED PAYLOAD 

2.1A.9.4.1 COMMAND DETECTOR SEl ECTIDN 


Command to rotate detector carousel is e lered from Orbiter. 


2.1A.9.42 OBSERVE DETECTOR SELECTION 


Data from AXAF Is checked to verify detector selection. 


2.1A.9.4.3 MONITOR TELEMETRY 


AXAF data Is monitored by Orbiter. 


2.1A.9.4.4 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data Is evaluated to verify correct response 
to command. 


2.1A.9.5 SEPARATION OF PAYLOAD FROM ORBITER 

2.1A.9.5.1 LOCATE GRASPING FIXTURE ON TARGET 


The target Is AXAF. 


2. 1A.9.5.2 GRASP FIXTURE 

2.1A.9.5.3 RELEASE PAVLOAD RESTRAINTS 

2.1A.9 5.4 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 
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2.1A.9.S.5 RMS RELEASES PAYLOAD 
2,1 A. 9. 6 OPERATIONAL CHECKOUT 



2. 1A.9 

.6,1 ACTIVATE AXAF SUBSYSTEMS 

Att 1 tude 
activated. 

control , 

communications, thermal control systems are 


2. 1A.9 

.6.2 COMMAND ATTITUDE CHANGE 

Command 

to change 

pointing Is entered. 


2, 1A.9 

.6.3 OBSERVE ATTITUDE CHANGE 

Orbi ter 

observes 

results of attitude change command. 


2. 1A.9 

.6.4 MONITOR TELEMETRY 

AXAF data output 

Is monitored by ground through TDRSS. 


2 . 1A .9 

.6.5 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data Is evaluated to verify correct response 
to command. 


2.1A.9.7 STABILIZE AXAF FOR RETRIEVAL 


If system performance is not adequate, retrieval may be necessary, 
for repairs in payload bay or on ground. 


2.1A.9.7.1 INITIALIZE GUIDANCE SYSTEM 


Update inertial reference system. 


2.1A.9.7.2 DETERMINE CURRENT ATTITUDE 
2.1A.9.7.3 DETERMINE DESIRED ATTITUDE 

2.1A.9.7.4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main components are solar arrays and radiators. 


2.1A.9.7.5 CHOOSE OPTIMAL TRAJECTORY 
2.1A.9.7.6 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2.1A.9.7 7 DETERMINE DISTURPING TORQUES 
2.1A.9.7.8 COMPUTE REQUIRED RESULTANT 
2.1A.9.7.9 APPLY COMPENSATING TORQUES 


Use magnetic torquers. 


2.1A.9.7.10 SHUTDOWN SPACECRAFT SYSTEMS 
2.1A.9.8 ATTACH AXAF TO ORBITER 

2.1A.9.B.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER 
2.1A.9.8.2 LOCATE GRASPING FIXTURE ON TARGET 


The target Is AXAF. 


2 . 1A . 9 .a . 3 GRASP FIV^LIRE 
2.1A.9.B.A TRANSLATE AYLOAD TO CRADLE 
2.1A.9.8.C FASTEN PAYLOAD RESTRAINTS 
2.1A.9.9 IDENTIFY DEFECTIVE COMPONENT 
2.1A.9.9.1 DETERMINE ANOMALOUS DATA 
2.1A.9.9.2 FORM HYPOTHESIS FOR PROBLEM 
2.1A.9.9.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
2.1A.9.9.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
2.1A.9.9.5 IDENTIFY FAULTY COMPONENT 
2.1A.9.10A COMPONENT FAILURE RECOVERY (REDUNDANCY) 
2.1A.9.10A.1 SWITCH OUT FAULTY COMPONENT 
2.1A.9.10A.2 SWITCH IN REDUNDANT COMPONENT 
2.1A.9.10A.3 MAKE DIAGNOSTIC CHECKS 
2.1A.9.10A.4 UPDATE SPACECRAFT MODEL 
2.1A.9.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 
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OF 

a.1A,9,lOB 1 DEFINE ACCESS SEQUENCE 
2.1A.9,10B,2 LOCATE ACCESS PANEL 

2.1A.0,1OB,3 transfer REPAIR EQUIPMENT TO REPAIR SITE 
2.1A.9,10B,4 OPEN ACCESS PANEL 

2.1A.9.10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 

2.1 A. 9,1 OB. 6 REMOVE COMPONENT 

2.1A.9.10B 7 STORE COMPONENT 

2.1A.9.10B.B LOCATE NEW COMPONENT 

2.1A.9.10B.9 position AND CONNECT NEW COMPONENT 

2. 1A.9. 10B. 10 ADJUST COMPONENT 

2. 1A.9. 10B. 11 MAKE DIAGNOSTIC CHECKS 

2. 1A.9. 10B. 12 CLOSE ACCESS PANEL* 

2. 1A.9. 10B, 13 STOW REPAIR EQUIPMENT 
2.1A.9.11 IDENTIFY DEFECTIVE SOFTWARE 

2. 1A. 9. 11.1 COMPARE MEASURED DATA TO MODEL 
2. 1A. 9. 11.2 DETERMINE ANOMALOUS DATA 
2. 1A. 9. 11.3 FORM HYPOTHESIS FOR PROBLEM 
2.1A.9.1I.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
2. 1A. 9. 11.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
2. 1A. 9. 11.6 IDENTIFY FAULTY SOFTWARE 
2.1A.9.12 SOFTWARE FAILURE RECOVERY 

2. 1A. 9. 12.1 DETERMINE CORRECTION ALGORITHM 

2.1 A. 9. 12.2 DATA/COMMAND ENCODING 
2. 1A. 9. 12.3 DATA/COMMAND TRANSMISSION 

2.1 A. 9. 12.4 COMPUTER FUNCTION CHECKS 
2.1A.10 SECURE PAYLOAD IN ORBITER 

2.1A.10.1 RETRACT DEPLOYABLE PAYLOAD COMPONENTS 
2. 1A. 10. 1,1 RETRACT TDRSS ANTENNAS 
2. 1A. 10. 1.2 LOCATE SUNSHADE RESTRAINTS 
2. 1A. 10. 1.3 RELEASE SUNSHADE RESTRAINTS 
2. 1A. 10. 1.4 LOCATE GRASPING FIXTURE ON TARGET 


The 

target 

Is the AXAF sunshade. 


2 . 1A . 10. 1 5 GRASP FIXTURE 
2. 1A. 10. 1.6 CLOSE SUNSHADE 
2. 1A 10.1.7 LOCATE SOLAR ARRAY RESTRAINTS 
2.1A.10.1.B RELEASE SOLAR ARRAY RESTRAINTS 
2.1A.10.1 9 LOCATE GRASPING FIXTURE ON TARGET 

The 

target 

is the AXAF solar array. 



2 1A 

2. 1A. 10. 1.10 GRASP FIXTURE 
2 . 1A . 10. 1 . 1 1 retract SOLAR 

..10.2 retraction of payload 

2. 1A. 10.2.1 LOCATE GRASPING 

ARRAYS 

INTO PAYLOAD BAY 
FIXTURE ON TARGET 

The 

target 

IE AXAF. 




2. 1A, 10.2.2 GRASP FIXTURE 
2. 1A. 10.2.3 tilt payload TO 

HORIZONTAL POSITION 

AXAF 

Is mounted on a tllt-tab1e. 



2. 1A. 10.2 4 FASTEN PAYLOAD RESTRAINTS 
2. 1A. 10.2,5 CLOSE PAYLOAD BAY DOORS 

2.1 A. 11 REENTRY AND LANDING 
2.1A.12 POST-FLIGHT OPERATIONS 
2.1A.12.1 SAFING OF ORBITER 
2.1A.12.2 REMOVAL OF PAYLOAD FROM ORBITER 
2. 1A. 12.2.1 OPEN PAYLOAD BAY DOORS 

2.1 A. 12.2.2 ATTACH STRONGBACK TO PAYLOAL 
2. 1A. 12.2.3 LOAD PAYLOAD INTO CANISTER 

2.1A.13 STATUS MONITORING AND RESOURCE ALLOCATION 
2.1A.13.1 TEMPERATURE MANAGEMENT 

2.1 A. 13. 1.1 MEASURE COMPONENT TEMPERATURES 

2. 1A, 13. 1,2 COMPARE TEMPERATURES TO REQUIRED LIMITS 
2. 1A. 13. 1.3 ADJUST HE AT I NG/CDOL ING SYSTEMS 
2.1A.13.2 POWER MANAGEMENT 

2.1 A. 13,2.1 MEASURE CURRENTS AND VOLTAGES 

2.1 A. 13.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 
2. 1A. 13.2.3 ADJUST CURRENT,; AND VOLTAGES 
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2. 1A. 13.2.4 EVALUATE BATTERY CHARGING PERFORMANCE 
2. 1A. 13.2.5 ADJUST BATTERY CHARGING CYCLE 
1A.13.3 DATA/COMMAND PROCESSING 


i.’kj 


1A. 
1A . 
1A. 
1A. 
1A . 
1A, 
1A . 
1A . 
1A. 13.4 
2 . 1A . 
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1A 

1A 

1A 

1A 


2. 1A. 
2. 1A. 
1A . 13 .5 


13.3.1 SHORT-TERM MEMORY STORAGE 

13.3.2 LONG-TERM MEMORY STORAGE 

13.3.3 DATA/COMMAND ENCOOING 

13.3.4 DATA/COMMAND DECODING 

13.3.5 NUMERICAL COMPUTATION 

13.3.6 LOGIC OPERATIONS 

13.3.7 COMPUTER LOAD SCHEDULING 
13. 3. B COMPUTER FUNCTION CHECKS 

CONSUMABLES MANAGEMENT 

13.4.1 MONITOR BATTERIES 

13.4.2 MONITOR GAS SUPPLIES 

13.4.3 MONITOR COOLING SYSTEM SUPPLIES 

13.4.4 PRESSURIZE DETECTORS WHEN NEEDED 

13.4.5 DEPRESSURIZE DETECTORS WHEN NOT IN USE 

13.4.6 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

13.4.7 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
structural MANAGEMENT 


1A . 
1A . 
1A . 
1A . 
1A. 
1A , 13 .6 
2 . 1A . 


13.5.1 

13.5.2 

13.5.3 

13.5.4 

13.5.5 
HAZARD 


2 . 1A 


2. 1A 


2. 1A 


1A 

1A 

1A 

1A 

1A 

1A 

1A 

13 


13.6 
13.6 
13.6 
13.6 
13.6 
1 U . 6 , 6 
13.6.7 
13. 6. B 


MEASURE STRAINS IN STRUCTURE 
MEASURE RELATIVE DISPLACEMENTS 
COMPUTE STRESS AND VIBRATION PARAMETERS 
APPLY COMPENSATING FORCES 
APPLY VIBRATION DAMPING 
AVOIDANCE 

COMPUTE POSITIONS OF SUN, EARTH, MOON 
DETERMINE ANGLES RELATIVE TO TELESCOPE LINE-OF-SIGHT 
MONITOR BRIGHT OBJECT DETECTOR 
MONITOR SAA detector 

COMPARE DETECTOR OUTPUT TC PRESET LIMITS 
CLOSE OPTICAL SHUTTERS 

REDUCE VOLTAGES IN SENSITIVE EQUIPMENT 
SHUTDOWN DETECTORS 


7 OPTIMAL SEQUENCING 


1A . 
1A . 
1A . 
1A . 
1A . 
1A . 
13. B 
1A . 
1A . 
1A . 
1A . 
1A . 
13 


13.7.1 UPDATE SPACECRAFT MODEL 

13.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

13.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

13.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

13.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

13.7.6 COMPUTE OPTIMAL SEQUENCING 
IDENTIFY DEFECTIVE COMPONENT 


determine ANOMALOUS DATA 
FORM HYPOTHESIS FOR PROBLEM 
DEVISE TEST FOR FAILURE HYPOTHESIS 
PERFORM TEST FOR FAILURE HYPOTHESIS 
IDENTIFY faulty COMPONENT 


13.8.1 
13 .B . 2 

13.8.3 

13.8.4 
.13 8.5 

9A COMPONENT FAILURE RECOVERY (REDUNDANCY) 


1A.13.9A.1 SWITCH OUT FAULTY COMPONENT 
1A.13.9A.2 SWITCH IN REDUNDANT COMPONENT 
1A.13.9A.3 MAKE DIAGNOSTIC CHECKS 
1A.13.9A.4 UPDATE SPACECRAFT MODEL 


2.1.', .13.9B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 


2. 1A. 


. 1A 
. 1A 
. 1A 
. 1 A 
. 1A 
. 1A 
. 1A 
. 1A 
. 1A 
. 1A 
. 1A 
. 1A 
13. 

. 1A 
. 1 A 
. 1A 
. 1A 
. 1A 
. 1A 


13 

13 

13 

13 

13 

13 

13, 


9B. 

9B. 

9B . 

9B. 

9B , 

9B 

9B, 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
1 1 
12 


DEFINE ACCESS SEQUENCE 
LOCATE ACCESS PANEL 

TRANSFER REPAIR EQUIPMENT TO REPAIR 
OBSERVE/LOCATE DEFECTIVE COMPONENT 
REMOVE COMPONENT 
STORE COMPONENT 
LOCATE NEW COMPONENT 
POSITION AND CONNECT NEW COMPONENT 
ADJUST COMPONENT 
MAKE DIAGNOSTIC CHECKS 
CLOSE ACCESS PANEL 
STOW REPAIR EQUIPMENT 


SITE 


. 13 .9B 
, 13 ,9B 
. 13.9B 
. 13.9B 
. 13 .9B 

10 identify defective software 

,13.10.1 COMPARE MEASURED DATA TO MODEL 
.13.10.2 DETERMINE ANOMALOUS DATA 
.13.10.3 FORM HYPOTHESIS FOR PROBLEM 
.13.10.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
.13.10.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
.13.10,6 IDENTIFY FAULTY SOFTWARE 
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2 1A.13.11 SOFTWARE FAILURE RECOVERY 

2. 1A. 13. 11.1 DETERMINE CORRECTION ALGORITHM 
2. 1A. 13, 11. 2 DATA./COMMAND ENCODING 
2. 1A. 13. 11. 3 OATA/eOMMAND TRANSMISSION 
2. 1A. 13. 11.4 COMPUTER FUNCTION CHECKS 
2.1A.13.12 REPORT SYSTEM STATUS 

2 1 A. 13. 12.1 DATA/COMMANO ENCODING 
2. 1A. 13, 12.2 DATA/COMMAND TRANSMISSION 
2. 1A. 13. 12.3 OATA/COMMAND DECODING 
2. 1A. 13, 12.4 OATA/COMMAND DISPLAY 
2.1A.14 ATTITUDE CONTROL & STATIQNKEEPING 
2.1A.14.1 MAINTAIN/CHANGE ATTITUDE 

2. 1A. 14. 1.1 INITIALIZE GUIDANCE SYSTEM 


Updata Inertial roforonco Byctem. 


2.1 A. 14. 1.2 DETERMINE CURRENT ATTITUDE 
2. 1A. 14. 1.3 DETERMINE DESIRED ATTITUDE 

2. 1A. 14. 1.4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main components arc solar arrays and radiators. 


2. 1A. 14. 1,5 CHOOSE OPTIMAL TRAJECTORY 
2. 1A. 14. 1.6 ROTATE SPACECRAFT 


Use magnetic torquors for attitude control. 


2. 1A. 14. 1.7 DETERMINE DISTURBING TORQUES 
2. 1A. 14. 1.8 COMPUTE REQUIRED RESULTANT 
2. 1A. 14. 1.9 APPLY COMPENSATING TORQUES 


Use magnetic torquers . 


2.1A.14.2 OPTIMAL CONTROL ALLOCATION 

2. 1A. 14 2.1 UPDATE SPACECRAFT MODEL 

2. 1A. 14.2.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
2. 1A 14.2.3 estimate RISKS FROM DESIRED FUNCTIONS 
2. 1A. 14.2.4 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

2.1 A, 14,2.5 COMPUTE CONTROL COMMANDS 
2. 1A. 14,2.6 EXECUTE CONTROL COMMANDS 
2.1A.15 OBSERVATION SEQUENCE 

2.1A.15.1 IDENTIFY DESIRED ATTITUDE 

2.1A.15.1.1 RECEIVE GROUND COMMANDS 
2. 1A. 15. 1.2 DATa/COMMANO DECODING 
2.1A 15.2 SELECT DETECTOR TO BE USED 

2. 1A. 15,2.1 RECEIVE GROUND COMMANDS 
2. 1A. 15 2.2 data/command DECODING 
2 1A, 15.2.3 MOVE DETECTOR INTO POSITION 
2. 1A. 15.2 4 DETECTOR POWER ON 
2. 1A. 15.2.5 DETECTOR COOLING ON 
2. 1A. 15.2.6 OPEN DETECTOR APERTURES 
2. 1A, 15.2.7 FINE FOCUS DETECTOR 
1A.15.3 OPERATE DETECTOR AND ASPECT SYSTEM 
2. 1A. 15.3.1 TAKE DATA FROM DETECTOR 
2. 1A. 15.3.2 TAKE DATA FROM ASPECT SENSORS 

2.1 A. 15.3.3 DATA/COMMAND ENCODING 
2, 1A, 15.3.4 DATA/COMMAND TRANSMISSION 
2.1A.16 ON-ORBIT ALIGNMENT OF TELESCOPE SYSTEM 
2.1A.16.1 IDENTIFY DESIRED ATTITUDE 

2. 1A. 16. 1.1 PICK X»RAY SOURCE WITH KNOWN OPTICAL COUNTERPART 
2. 1A. 16. 1.2 determine DESIRED ATTITUDE 
2.1A.16.2 LOCATE X-RAY SOURCE 

2.1 A. 16.2.1 MOVE DETECTOR INTO POSITION 
2. 1A. 16.2.2 DETECTOR POWER ON 

2.1 A. 16.2.3 DETECTOR COOLING ON 
2. 1A. 16,2.4 OPEN DETECTOR APERTURES 
2. 1A. 16 2,5 FINE FOCUS DETECTOR 
2. 1A. 16,2.6 TAKE DATA FROM DETECTOR 

2.1 A. 16.2.7 DATA/COMMANO ENCODING 
2. 1A. 16,2.8 DATA/COMMAND TRANSMISSION 

2. 1A. 16.2.9 DETERMINE IF TARGET IS WITHIN DETECTOR FOV 
2.1A.16.3 LOCATE OPTICAL COUNTERPART 
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2. 1A. 16.3.1 TAKE DATA FROM ASPECT SENSORS 

2.1 A. 16.3.2 DATA/COMMAND ENCODING 

2.1 A. 16.3.3 DATA/COMMAND TRANSMISSION 

2. 1A. 16,3.4 DETERMINE IF TARGET IS WITHIN ASPECT SENSOR FOV 
2. 1A. 16.3.5 SELECT NEW TELESCOPE ATTITUDE IF NECESSARY 


If targat has not bean found, another try must be made. 


2.1A.16.4 DETERMINE RELATIVE ALIGNMENT 
2. 1A, 16.4.1 TAKE DATA FROM DETECTOR 
2. 1A. 16.4.2 TAKE DATA FROM ASPECT SENSORS 
2. 1A. 16.4.3 OATA/COMMAND ENCODING 

2.1 A. 16. 4. 4 DATA/COMMAND TRANSMISSION 
2. 1A. 16.4.5 PROCESS IMAGE DATA 
2. 1A. 16.4.6 DETERMINE ALIGNMENT CORRECTION 

2. IB INITIAL DEPLOYMENT (SHUTTLE WITH TMS UPPER STAGE) 

2. IB. 1 DESIGN 

2. IB. 1.1 DEFINE REQUIREMENTS 
2. IB. 1.2 MISSION ANALYSIS 
2. IB. 1.3 PAYLOAD ACCOMMODATIONS 
2. IB. 1.4 CREATE FUNCTIONAL LAYOUT 
2. IB. 1.5 FAILURE MODES ANALYSIS 

2. IB. 1.6 ADJUST DESIGN FOR MAINTENANCE AND REPAIR 
2. IB. 1.7 CREATE MECHANICAL LAYOUT 
2. IB. 1 .8 SAFETY REVIEW 
2. IB. 1.9 DESIGN OF COMPONENTS 
2. IB. 1,10 SOFTWARE DEVELOPMENT 
2. IB. 2 COMPONENT FABRICATION 

2. IB. 2.1 PROCURE OFF-THE-SHEL" COMPONENTS 
2. IB. 2. 2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

2.18.2.3 PROCURE MANUFACTURING EQUIPMENT 

2.18.2.4 MANUFACTURE COMPONENTS 
2, IB. 2 B MIRROR SURFACE FINISHING 

2. IB. 3 COMPONENT TEST 

2. IB. 3.1 SET UP TEST FACILITIES 
2. IB. 3. 2 STRUCTURAL LOADS TESTS 
2. IB. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 
2. IB. 3. 4 SOLAR ARRAY DEPLOYMENT TESTS 
2. IB. 3. 5 ELECTRICAL SYSTEMS TESTS 
2. IB. 3. 6 THERMAL AND VACUUM TESTS 
2. IB. 3. 7 DETECTOR /LIGNMENT TESTS 
2. IB. 3. 8 THRUSTER TESTS 
2. IB. 3. 9 MIRROR DRIVE SYSTEMS TESTS 
2. IB. 3. 10 MIRROR OPTICAL TESTS 
2. IB. 3. 11 COMPONENT CERTIFICATION 
2. IB. 4 SYSTEM INTEGRATION 
2. IB. 5 SYSTEM TEST 

2. IB. 5.1 POWER SUBSYSTEM TESTS 
2. IB. 5. 2 THERMAL SUBSYSTEM TESTS 
2. IB. 5. 3 STRUCTURE SUBSYSTEM TESTS 
2. IB. 5. 4 INFORMATION PROCESSING SUBSYSTEM TESTS 
2. IB. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 
2. IB. 5. 6 ATTITUDE CONTROL SUBSYSTEM TESTS 
2. IB. 5. 7 OPTICAL SUBSYSTEM TESTS 
2. IB. 5. 8 PROPULSION SUBSYSTEM TESTS 
2. IB. 5. 9 INTEGRATED SYSTEMS TESTS 
2.1B.5.10 FAILURE MODES SIMULATION 
2. IB. 5. 11 SYSTEM CERTIFICATION 
2. IB, 6 SHIPPING TO LAUNCH SITE 

2. IB. 6.1 REMOVE TEST EQUIPMENT 
2.1B.6.2 PERFORM NECESSARY DISASSEMBLY 
2. IB. 6. 3 PACKING 

2. IB. 6. 4 TRANSPORT TO LAUNCH SITE 
2. IB. 7 PAYLOAD INTEGRATION AND CHECKOUT 
2. 1B.7 . 1 UNPACKING 

2. IB. 7. 2 PERFORM NECESSARY REASSEMBLY 
2. IB. 7. 3 INTEGRATED SYSTEMS TESTS 

2. IB. 7. 3.1 VERIFY POWER SYSTEM FUNCTION 
2. IB. 7. 3. 2 VERIFY COMMAND SYSTEM FUNCTION 
2. IB. 7. 3. 3 VERIFY MECHANICAL SYSTEM FUNCTION 
2. IB. 7. 3. 4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
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i ’ 2.1B.7.E.5 VERIFY DETECTOR SYSTEM FUNCTION 

OF r- ' ’ 2. IB. 7. 3. 6 MISSION SEQUENCE SIMULATION 

1^. 2.1B.7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 

2. IB. 7. 4.1 LOAD PAYLOAD INTO CONTAINER 

2. IB. 7. 4. 2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 

2. IB. 7. 4. 3 ATTACH STRONGBACK TO PAYLOAD 
2.18.7.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
2. IB. 7. 5 INTEGRATE TMS WITH PAYLOAD 
2.1B.7.G PERFORM INTERFACES CHECK 

2. IB. 7. 6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
2. IB. 7. 6. 2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
2. IB. 7. 6. 3 CHECK ELECTRICAL INTERFACES 
2.1B.7.7 TRANSFER TMS/PAYLOAD TO DRBITER PROCESSING FACILITY 
2.13.7.7.1 ATTACH STRONGBACK TO PAYLOAD 
2. IB. 7. 7. 2 LOAD PAYLOAD INTO CANISTER 
2. IB. 7. 7. 3 REMOVE STRONGBACK 
2. IB. 7. 7. 4 CLOSE CANISTER 

2. IB. 7. 7. 5 TRANSPORT CANISTER TO DRBITER PROCESSING FACILITY 
2. IB. 7. 8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

2.1B.7.B.1 ATTACH STRONGBACK TO PAYLOAD 
2. IB. 7. 8. 2 INSTALL PAYLOAD IN ORBITER 
2. IB. 7. 8. 3 CONNECT ORBITER/PAYLOAD INTERFACES 
2. IB. 7. 8. 4 CHECK ELECTRICAL INTERFACES 
2. IB. 7. 8. 5 CLOSE-OUT PAYLOAD BAY 

2. IB. 7. 8. 6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
2. IB. 8 COUNTDOWN AND LAUNCH 
2.1B.9 ORBITAL DEPLOYMENT AND CHECKOUT 

2. IB. 9.1 SHUTTLE ATTAINS DELIVERY ORBIT 
2. IB. 9. 2 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 
2. IB. 9. 2.1 OPEN PAYLOAD BAY DOORS 
2. IB. 9. 2. 2 LOCATE GRASPING FIXTURE ON TARGET 


Tho target Is aXAF . 


2. IB. 9. 2. 3 GRASP FIXTURE 
2. IB. 9. 4 RELEASE PAYLOAD RESTRAINTS 
2. IB. 9. 2. 5 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 
2. IB. 9. 3 OPERATIONAL CHECKOUT OF TMS 
2. IB. 9. 3.1 ACTIVATE TMS SUBSYSTEMS 

2. IB. 9. 3. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
2. IB. 9. 3. 3 POWER SUBSYSTEM CHECKOUT 
2. IB. 9. 3. 4 THERMAL SUBSYSTEM CHECKOUT 
2 IB. 9. 3. 5 STRUCTURAL SUBSYSTEM CHECKOUT 
2. IB. 9. 3. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 
2. IB. 9. 3. 7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 
2. IB. 9. 3. 8 PROPULSION SUBSYSTEM CHECKOUT 
2. IB. 9. 3. 9 CONSUMABLES LEVELS CHECKOUT 
2. IB. 9. 4 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 

2. IB. 9. 4.1 INITIALIZE GUIDANCE SYSTEM 


Update inertial reference system. 


2. IB. 9. 4. 2 DETERMINE CURRENT ORBITAL PARAMETERS 
2. IB. 9. 4. 3 DETERMINE DESIRED ORBITAL PARAMETERS 
2. IB. 9. 4. 4 CHOOSE OPTIMAL TRAJECTORY 
2. IB. 9. 4. 5 DETERMINE CURRENT ATTITUDE 
2. IB. 9. 4. 6 DETERMINE DESIRED ATTITUDE 
2. IB. 9. 4. 7 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2. IB. 9. 4. 8 FIRE THRUSTERS 
2. IB. 9. 5 EXTEND DEPLOYABLE COMPONENTS 

2. IB. 9. 5.1 LOCATE SOLAR ARRAY RESTRAINTS 
2. IB. 9. 5. 2 RELEASE SOLAR ARRAY RESTRAINTS 
2. IB. 9. 5. 3 LOCATE GRASPING FIXTURE ON TARGET 


The target is the AXAF solar array. 


2. IB. 9. 5 4 GRASP FIXTURE 

2. IB. 9. 5. 5 DEPLOY SOLAR ARRAYS 

2.1B.9.5.6 LOCATE SUNSHADE RESTRAINTS 
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2, IB. 0.5. 7 RELEASE SUNSHADE RESTRAINTS 
2.1B.0.S.8 LOCATE GRASPING FIXTURE ON TARGET 


/T? r- 


Th* target Is tha AXAF sunshade. 


2. IB. 9. B. 9 GRASP FIXTURE 
2. IB. 9. 5. <0 OPEN SUNSHADE 
2. IB. 9. 5. 11 DEPLOY TDRSS ANTENNAS 
2.1B.9.6 UNDOCK TMS FROM PAYLOAD 

2.1B.9.6.1 RELEASE DOCKING LATCH 
2. IB. 9. e. 2 RETRACT DOCKING MECHANISM 
2. IB. 9. 6. 3 MOVE AWAY FROM PAYLOAD 
.2. IB. 9. 7 OPERATIONAL CHECKOUT OF AXAF 
2. IB. 9. 7.1 ACTIVATE AXAF SUBSYSTEMS 


Attitude control, communications, thermal control systems are 
activated. 


2. IB. 9. 7. 2 COMMAND ATTITUDE CHANGE 


Command to change pointing Is entered. 

2. IB. 9. 7. 3 OBSERVE ATTITUDE CHANGE 
Orbitor observes results of attitude change command. 
2. IB. 9. 7. 4 MONITOR TELEMETRY 


AXAF data Is monitored by Orbiter 


2. IB. 9. 7. 5 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data is evaluated to verify correct response 
to command. 


2.1B.9.B STABILIZE AXAF FOR RETRIEVAL 


If system performance is not adequate, retrieval may be necessary, 
for repairs In payload bay or on ground. 


2. IB. 9. 8.1 INITIALIZE GUIDANCE SYSTEM 


Update inertial reference system. 


2. IB. 9. 8. 2 DETERMINE CURRENT ATTITUDE 
2. IB. 9. 8. 3 DETERMINE DESIRED ATTITUDE 

2. IB. 9. 8. 4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main components are solar arrays and radiators. 


2. IB. 9. 8. 5 CHOOSE OPTIMAL TRAJECTORY 
2. IB. 9. 8. 6 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2. IB. 9. 8. 7 DETERMINE DISTURBING TORQUES 
2. IB. 9. 8. 8 COMPUTE REQUIRED RESULTANT 
2. IB. 9. 8. 9 APPLY COMPENSATING TORQUES 


Use magnetic torquers. 


2. IB. 9. 8. 10 SHUTDOWN SPACECRAFT SYSTEMS 
2. IB. 9. 9 DOCK TMS TO SPACECRAFT 

2. IB. 9. 9.1 LOCATE DOCKING TARGET 
2. IB. 9. 9. 2 EXTEND DOCKING MECHANISM 
2. IB. 9. 9. 3 fasten DOCKING LATCH 
2. IB. 9. 10 RETRACT DEPLOYABLE PAYLOAD COMPONENTS 
2. IB. 9. 10.1 retract TDRSS ANTENNAS 
2. IB. 9. 10.2 LOCATE SUNSHADE RESTRAINTS 
2. IB. 9. 10.3 RELEASE SUNSHADE RESTRAINTS 
2. IB. 9. 10.4 LOCATE GRASPING FIXTURE ON TARGET 
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Tha target Is the AXAF Bunchada. 


2. 1B.9. 10.5 GRASP FIXTURE 
2.1B.0.10.G close sunshade 
2. IB. 9. 10.7 LOCATE SOLAR ARRAY RESTRAINTS 
2. IB. 9. 10.8 RELEASE SOLAR ARRAY RESTRAINTS 
2. IB. 0.10.0 LOCATE GRASPING FIXTURE ON TARGET 


The target Is the AXAF colar array. 


2. IB. 9. 10. 10 GRASP FIXTURE 
2.1B.9.10.11 RETRACT SOLAR ARRAYS 
2. IB. 0.11 identify defective COMPONENT 
2. IB. 9. 11.1 DETERMINE ANOMALOUS DATA 
2. 1B. 9. 11.2 FORM HYPOTHESIS FOR PROBLEM 
2. IB. 9. 11.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
2. IB. 9, 11. A PERFORM TEST FOR FAILURE HYPOTHESIS 
2. IB. 9. 11.5 IDENTIFY FAULTY COMPONENT 
2.1B.0.12A COMPONENT FAILURE RECOVERY (REDUNDANCY) 
2.1B.0.12A.1 SWITCH OUT FAULTY COMPONENT 
2.1B.9.12A.2 SWITCH IN REDUNDANT COMPONENT 
2.1B.0.12A.3 MAKE DIAGNOSTIC CHECKS 
2.1B.9.12A.4 UPDATE SPACECRAFT MODEL 
2. IB. 9. 128 COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 
2.1B.9.12B.1 define ACCESS SEQUENCE 
2.1B.9.12B.2 LOCATE ACCESS PANEL 

2.1B.D.12B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
!2. 1B.9. 12B.4 OPEN ACCESS PANEL 

2.1B.9.12B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
2.1B.9.12B.6 REMOVE COMPONENT 
2.1B.9.12B.7 STORE COMPONENT 
2.1B.9.12B.8 LOCATE NEW COMPONENT 
2.1B.9.12B.9 POSITION AND CONNECT ^:^W COMPONENT 
2 . IB .9 . 12B . 10 ADJUST COMPONENT 
2. IB .9. 12B. 1 1 make DIAGNOSTIC CHECKS 
2. 1B.9. 12B, 12 CLOSE ACCESS PANEL 
2. 1B.9. 12B. 13 STOW REPAIR EQUIPMENT 
2. IB. 9. 13 IDENTIFY DEFECTIVE SOFTWARE 

2. 1B. 9. 13.1 COMPARE MEASURED DATA TO MODEL 
2. IB. 9. 13.2 DETERMINE ANOMALOUS DATA 
2. IB. 9. 13. 3 FORM HYPOTHESIS FOR PROBLEM 
2. IB. 9. 13,4 DEVISE TEST FOR FAILURE HYPOTHESIS 
2. IB. 9. 13.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
2. IB. 9. 13.6 IDENTIFY FAULTY SOFTWARE 
2. IB. 9. 14 SOFTWARE FAILURE RECOVERY 

2. IB. 9. 14.1 DETERMINE CORRECTION ALGORITHM 
2. IB. 9. 14,2 DATA/CDMMAND ENCODING 
2.1B.9.14 3 DATA/COMMAND TRANSMISSION 
2.18.9.14,4 COMPUTER FUNCTION CHECKS 
2.1B.10 RENDEZVOUS WITH ORBITER 

2.18.10.1 ORBITAL TRANSFER (OF TMS) 

2. IB. 10. 1.1 INITIALIZE GUIDANCE SYSTEM 


Update inertial reference Eystem. 


2. IB. 10. 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2. IB. 10. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
2. IB. 10. 1.4 CHOOSE OPTIMAL TRAJECTORY 
2. IB. 10. 1.5 DETERMINE CURRENT ATTITUDE 
2. IB. 10. 1.6 DETERMINE DESIRED ATTITUDE 
2. IB. 10. 1.7 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2. IB. 10. 1 .8 FIRE THRUSTERS 
2. IB. 10.2 SHUTDOWN TMS FOR RETRIEVAL 
2. IB. 10.2.1 STOW TMS ANTENNA 
2. IB. 10.2.2 DEACTIVATE TMS SUBSYSTEMS 
2. IB. 11 RETRIEVAL BY ORBITER 

2. IB. 11.1 ADJUST ORBIT (OF ORBITER) 

2. IB. 11. 1.1 initialize GUIDANCE SYSTEM 
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Updat# martial rafarane# system. 


2. IB. 11. 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2. IB. 11. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
2. IB. 11. 1.4 CHOOSE OPTIMAL TRAJECTORY 
2. IB. 1 1 . 1 .5 FIRE THRUSTERS 
2. IB. 11. 2 ADJUST ATTITUDE (OF ORBITER) 

2.18,11.2.1 DETERMINE CURRENT ATTITUDE 
2. IB. 11,2.2 determine DESIRED ATTITUDE 

2. IB. 11.2.3 determine NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main componants are solar arrays and radiators. 


2.16.11.2,4 CHOOSE OPTIMAL TRAJECTORY 
2. IB, 11.2.5 ROTATE SPACECRAFT 


Usa magnatlc torquers for attitude control . 


2. IB. 11.3 OPTIMAL CONTROL ALLOCATION 

2. IB, 11. 3.1 UPDATE SPACECRAFT MODEL 

2. IB. 11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
2, IB. 11. 3. 3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
2, IB. 11.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
2.1B.11.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
2.1B.11.3.G CHOOSE OPTIMAL CONTROL MODE 
2, IB. 11.3.7 CO.MPUTE CONTROL COMMANDS 
2. IB. 11, 3. 8 EXECUTE CONTROL COMMANDS 

2,16,11.4 ORBITER RECOVERY OF TMS 

2,16.11.4.1 ACTIVATE RMS 

2.1B.11.4.2 LOCATE GRASPING FIXTURE ON TARGET 


Targat Is the TMS, 


2. IB. 11. 4. 3 MOVE RMS TO FIXTURE 

2.16.11.4.4 GRASP FIXTURE 

2.16.11.4.5 LOCATE CRADLE IN PAYLOAD BAY 

2.16.11.4.6 TRANSLATE PAYLOAD TO CRADLE 

2.16.11.4.7 FASTEN PAYLOAD RESTRAINTS 

2.16.11.4.8 RMS RELEASES PAYLOAD 
2.16 11.4,9 SECURE RMS IN PAYLOAD BAY 

2. IB. 12 REENTRY AND LANDING 
2. IB. 13 POST-FLIGHT OPERATIONS 

2.16.13.1 SAFING OF ORBITER 

2.16.13.2 REMOVAL OF PAYLOAD FROM ORBITER 

2.16.13.2.1 OPEN PAYLOAD BAY DOORS 

2.16.13.2.2 ATTACH STRONGBACK TO PAYLOAD 

2.16.13.2.3 LOAD PAYLOAD INTO CANISTER 
2.16.14 STATUS MONITORING AND RESOURCE ALLOCATION 

2.16.14.1 TEMPERATURE MANAGEMENT 

2.16.14.1.1 MEASURE COMPONENT TEMPERATURES 

2.16.14.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 

2.16.14.1.3 ADJUST HEATING/COOLING SYSTEMS 

2.16.14.2 POWER MANAGEMENT 

2.10.14.2.1 MEASURE CURRENTS AND VOLTAGES 

2. 16. •'4.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 
2. IB. 14.2.3 ADJUST CURRENTS AND VOLTAGES 

2.16.14.2.4 EVALUATE BATTERY CHARGING PERFORMANCE 

2.16.14.2.5 ADJUST BATTERY CHARGING CYCLE 

2.16.14.3 DATA/COMMANO PROCESSING 

2.16.14.3.1 SHORT-TERM MEMORY STORAGE 
2. IB. 14.3.2 LONG-TERM MEMORY STORAGE 

2.16.14.3.3 DATA/COMMAND ENCODING 

2.16.14.3.4 DATA/COMMAND DECODING 

2.16.14.3.5 NUMERICAL COMPUTATION 

2.16.14.3.6 LOGIC OPERATIONS 

2.16.14.3.7 COMPUTER LOAD SCHEDULING 
2. 16. 14. 3. c COMPUTER FUNCTION CHECKS 

2.16.14.4 CONSUM.IBLES MANAGEMENT 
2. IB. 14.4.1 MONITOR BATTERIES 

2. IB. 14.4.2 MONITOR GAS SUPPLIES 
2.16,14.4.3 MONITOR COOLING SYSTEM SUPPLIES 
2. 1B. 14.4.4 PRESSURIZE DETECTORS WHEN NEEDED 
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2 <B.14.4 S DEPRESSURIZE DETECTORS WHEN NOT IN USE 
2 . IB. 14.4 G PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
2. IB. 14. 4. 7 COMPUTE OPTiMAL CONSUMABLES ALLOCATION 
2 IB. 14.5 STRUCTURAL MANAGEMENT 

2. IB. 14 1 MEASURE STRAINS IN STRUCTURE 

2. IB. 14 U.2 MEASURE RELATIVE DISPLACEMENTS 
2. IB. 14.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS 
2. IB. 14.5 4 APPLY COMPENSATING FORCES 
2. IB. 14,5.5 APPLY VIBRATION DAMPING 
2. IB. 14.6 HAZARD AVOIDANCE 

2. IB. 14.6,1 COMPUTE POSITIONS OF SUN. EARTH, MOON 

2.1B.14.G.2 DETERMINE ANGLES RELATIVE TO TELESCOPE LINE-OF-SIGHT 

2. IB. 14.6,3 MONITOR BRIGHT OBJECT DETECTOR 

2.16.14.6.4 MONITOR SAA DETECTOR 

2. IB, 14.6.5 COMPARE DETECTOR OUTPUT TO PRESET LIMITS 
2. IB. 14, 6.6 CLOSE OPTICAL SHUTTERS 
2. IB. 14.6.7 REDUCE VOLTAGES IN SENSITIVE EQUIPMENT 
2. IB. 14. 6. B SHUTDOWN DETECTORS 
2. IB. 14.7 OPTIMAL SEQUENCING 

2.16.14.7,1 UPDATE SPACECRAFT MODEL 

2. IB. 14.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

2. IB. 14.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

2. IB. 14,7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

2.16.14.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

2.18.14.7.6 COMPUTE OPTIMAL SEQUENCING 
2. IB. 14. B IDENTIFY DEFECTIVE COMPONENT 

2. IB 14.8.1 DETERMINE ANOMALOUS DATA 
2. IB. 14.8.2 FORM HYPOTHESIS FOR PROBLEM 
2. 1B. 14.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
2.1B.14.6.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
2. IB. 14.8.5 IDENTIFY FAULTY COMPONENT 
2.1B.14.9A COMPONENT FAILURE RECOVERY <REDUNDANCY) 

2.1B.14.9A.1 SWITCH OUT FAULTY COMPONENT 
2.1B.14 9A.2 SWITCH IN REDUNDANT COMPONENT 
2.1B.14.9A.3 MAKE DIAGNOSTIC CHECKS 
2.1B.14.9A.4 UPDATE SPACECRAFT MODEL 
2.1B.14.9B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

2.1B.14.9B.1 DEFINE ACCESS SEQUENCE 
2.1B.14.9B.2 LOCATE ACCESS PANEL 

2. IB. 14. 9B. 3 transfer REPAIR EQUIPMENT TO REPAIR SITE 
2. IB. 14. 9B. 4 OBSERVE/LOCATE DEFECTIVE COMPONENT 
2.1B.14.9B.5 REMOVE COMPONENT 
2, IB, 14. 9B. 6 STORE COMPONENT 
2. IB, 14. 9B 7 LOCATE NEW COMPONENT 
2. IB, 14. 9B, 9 POSITION AND CONNECT NEW COMPONENT 
2. IB. 14. 9B. 9 ADJUST COMPONENT 
2. IB. 14. 9S. 10 MAKE DIAGNOSTIC CHECKS 
2. IB. 14. 9B 11 CLOSE ACCESS PANEL 
2. IB. 14. 9B 12 STOW REPAIR EQUIPMENT 
2. IB. 14, 10 identify defective SOFTWARE 

2. IB. 14. 10.1 compare MEASURED DATA TO MODEL 
2 16,14,10,2 DETERMINE ANOMALOUS DATA 
2. IB. 14. 10.3 FORM HYPOTHESIS FOR PROBLEM 
2. IB 14.10.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
2, IB. 14. 10.5 PERFORM TEST FOR FAILURE HYPOTHESIS 

2.18.14.10.6 IDENTIFY FAULTY SOFTWARE 
2. IB. 14. 11 SOFTWARE FAILURE RECOVERY 

2.1B.14 11 1 DETERMINE CORRECTION ALGORITHM 
2. IB. 14. 11,2 DATA/COMMAND ENCODING 
2. IB. 14. 11. 3 DATA/COMMAND TRANSMISSION 
2. IB. 14. 11. 4 COMPUTER FUNCTION CHECKS 
2. IB, 14. 12 REPORT SYSTEM STATUS 

2, IB. 14. 12.1 DATA/COMMAND ENCODING 
2. IB. 14. 12 2 DATA/COMMAND TRANSMISSION 
2, IB. 14. 12.3 DATA/COMMAND DECODING 
2. IB. 14. 12 4 OATA/COMMAND DISPLAY 
2, IB. 15 ATTITUDE CONTROL & STATI QNKEEP ING 
2. IB. 15.1 MAINTAIN/CHANGE ATTITUDE 

2. 1B. 15. 1.1 INITIALIZE GUIDANCE SYSTEM 


Update Inertial reference system. 
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a. IB. 15. 1.2 DETERMINE CURRENT ATTITUDE 
2. IB. 15. 1.3 DETERMINE DESIRED ATTITUDE 

2. IB. 16. 1.4 DETERMINE NEW CONEIGURATIUN FOR SPACECRAFT COMPONENTS 


iJ 

fV 


Main componants ara solar arrays and radiators. 


2. IB. 15.1.5 CHOOSE OPTIMAL TRAJECTORY 
2. IB. IS. 1.6 ROTATE SPACECRAFT 


Use magnatlc torquers for attitude control. 


2. IB. 15.1.7 DETERMINE DISTURBING TORQUES 
2. IB. 15.1.8 COMPUTE REQUIRED RESULTANT 
2. IB. 15. 1.9 APPLY COMPENSATING TORQUES 


Usa magnatlc torquers. 


2. IB. 15.2 OPTIMAL CONTROL ALLOCATION 

2. IB. 15.2.1 UPDATE SPACECRAFT MODEL 

2. IB. IS. 2. 2 PROJECT DESIRED FUNCTIONS FROM MISSION fROFIlE 
2. IB. 15.2.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
2. IB. 15.2.4 determine CONSTRAINTS AND FIGURES OF MERIT 
2. IB. 15.2.5 COMPUTE CONTROL COMMANDS 
2. IB. 15.2.6 EXECUTE CONTROL COMMANDS 
2. IB. 16 OBSERVATION SEQUENCE 

2. IB. 16.1 IDENTIFY DESIRED ATTITUDE 

2. IB. 16. 1,1 RECEIVE GROUND COMMANDS 
2. IB. 16. 1.2 DATA/COMMAND DECODING 
2. IB. 16.2 SELECT DETECTOR TO BE USED 

2. IB. 16.2.1 RECEIVE GROUND COMMANDS 
2. IB. 16.2.2 OATA/COMMAND DECODING 
2. IB. 16.2.3 MOVE DETECTOR INTO POSITION 
2. IB. 16.2.4 DETECTOR POWER ON 
2. IB, 16.2.5 DETECTOR CODLING ON 
2. IB. 16.2.6 OPEN DETECTOR APERTURES 
2. IB. 16.2.7 FINE FOCUS DETECTOR 
2. IB. 16.3 OPERATE DETECTOR AND ASPECT SYSTEM 
2. IB. 16.3.1 TAKE DATA FROM DETECTOR 
2. IB, 16.3.2 TAKE DATA FROM ASPECT SENSORS 
2. IB. 16.3.3 DATA/COMMAND ENCODING 
2. IB. 16.3.4 DATA/COMMAND TRANSMISSION 
2. IB. 17 ON-ORBIT ALIGNMENT OF TELESCOPE SYSTEM 
2. IB. 17.1 IDENTIFY DESIRED ATTIT.'OE 

2. IB. 17. 1.1 PICK X-RAY SDURCL WITH KNOWN OPTICAL COUNTERPART 
2. IB. 17. 1.2 DETERMINE DESIRED ATTITUDE 
2. IB. 17.2 LOCATE X-RAY SOURCE 

2. IB. 17.2.1 MOVE DETECTOR INTO POSITION 
2.16.17.2.2 DETECTOR POWER ON 
2. IB. 17.2.3 DETECTOR COOLING ON 
2. IB. 17.2.4 OPEN DETECTOR APERTURES 
2. IB. 17.2.5 FINE FOCUS DETECTOR 
2. IB. 17.2.6 TAKE DATA FROM DETECTOR 
2. IB. 17.2.7 DATA/COMMAND ENCODING 
2. IB. 17.2.8 DATA/COMMAND TRANSMISSION 

2. IB. 17.2.9 DETERMINE IF TARGET IS WITHIN DETECTOR FOV 
2. IB. 17.3 LOCATE OPTICAL COUNTERPART 

2. IB. 17.3.1 TAKE DATA FROM ASPECT SENSORS 
2. IB 17.3.2 DATA/COMMAND ENCODING 
2. 1B. 17.3.3 DATA/COMMAND TRANSMISSION 

2. IB. 17.3.4 DETERMINE IF TARGET IS WITHIN ASPECT SENSOR FOV 
2. IB. 17.3.5 SELECT NEW TELESCOPE ATTITUDE IF NECESSARY 


If target has not been found, another try must bo made. 


2. IB. 17.4 DETERMINE RELATIVE ALIGNMENT 
2. IB. 17.4,1 TAKE DATA FROM DETECTOR 
2. IB. 17.4.2 TAKE DATA FROM ASPECT SENSORS 
2. IB. 17.4.3 DATA/COMMAND ENCODING 
2. IB. 17.4.4 DATA/COMMAND TRANSMISSION 
2. IB. 17.4.5 PROCESS IMAGE DATA 
2. IB. 17.4.6 DETERMINE ALIGNMENT CORRECTION 
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2.2A SERVICING. MAINTENANCE. AND REPAIR (SHUTTUE WITH OMS KIT) 

2.2A. 1 DESIGN 

2.2A.1.1 DEFINE REQUIREMENTS 
2.2A. 1.2 MISSION ANALYSIS 
2.2A 1.3 PAYLOAD ACCOMMODATIONS 
2.2A.1.4 CREATE FUNCTIONAL LAYOUT 
2.2A.1.S FAILURE MODES ANALYSIS 
2.2A.1.6 CREATE MECHANICAL LAYOUT 
2.2A. 1 .7 SAFETY REVIEW 
2.2A.1.B DESIGN OF COMPONENTS 
2.2A.1.10 SOFTWARE DEVELOPMENT 
2.2A.2 COMPONENT FABRICATION 

2.2A.2.1 PROCURE OFF-THE-SHELF COMPONENTS 
2.2A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 
2.2A.2.3 PROCURE MANUFACTURING EQUIPMENT 
2.2A.2.4 MANUFACTURE COMPONENTS 
2.2A.3 COMPONENT TEST 

2.2A.3.1 SET UP TEST FACILITIES 
2.2A.3.2 STRUCTURAL LOADS TESTS 
2.2A.3.3 DATA PROCESSING AND SOFTWARE TESTS 
2.2A.3.A SOLAR ARRAY DEPLOYMENT TESTS 
2.2A.3.5 ELECTRICAL SYSTEMS TESTS 
2.2A3.6 THERMAL AND VACUUM TESTS 
2.2A.3.7 DETECTOR ALIGNMENT TESTS 
2.2A.3.8 COMPONENT CERTIFICATION 
2.2A.A SYSTEM INTEGRATION 
2.2A.5 SYSTEM TEST 

2.2A.5.1 POWER SUBSYSTEM TESTS 
2.2A.5.2 THERMAL SUBSYSTEM TESTS 
2.2A.5.3 STRUCTURE SUBSYSTEM TESTS 
2.2A.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
2.2A.5.5 COMMUNICATIONS SUBSYSTEM TESTS 
2.2A.5.G ATTITUDE CONTROL SUBSYSTEM TESTS 
2.2A,5,7 OPTICAL SUBSYSTEM TESTS 
2.2A.5.8 INTEGRATED SYSTEMS TESTS 
2.2A.5,S FAILURE MODES SIMULATION 
2.2A.5.10 SYSTEM CERTIFICATION 
2.2A.6 SHIPPING TO LAUNCH SITE 

2.2A.6.1 REMOVE TEST EQUIPMENT 
2.2A.6.2 PERFORM NECESSARY DISASSEMBLY 
2.2A.6.3 PACKING 

2.2A.6.4 TRANSPORT TO LAUNCH SITE 
2.2A.7 PAYLOAD INTEGRATION AND CHECKOUT 
2 . 2A . 7 , 1 UNPACKING 

2.2A.7.2 PERFORM NECESSARY REASSEMBLY 
2.2A.7.3 INTEGRATED SYSTEMS TESTS 

2.2A.7.3.1 VERIFY POWER SYSTEM FUNCTION 
2.2A.7.3.2 VERIFY COMMAND SYSTEM FUNCTION 
2.2A.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
2.2A.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
2.2A.7.3.5 VERIFY DETECTOR SYSTEM FUNCTION 
2.2A.7.3.6 MISSION SEQUENCE SIMULATION 
2.2A.7.4 TRANSFER TO OPERATIONS AND CHECKOUT BIDG. 

2.2A.7.4.1 LOAD PAYLOAD INTO CONTAINER 
2.2A.7.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
2.2A.7.4.3 ATTACH STRONGBACK TO PAYLOAD 
2,2A,7.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
2.2A.7.5 PERFORM INTERFACES CHECK 

2.2A.7.5.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
2.2A.7.5.2 CHECK ELECTRICAL INTERFACES 
2.2A.7.6 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY 
2.2A.7.6.1 ATTACH STRONGBACK TO PAYLOAD 
2.2A.7.6.2 LOAD PAYLOAD INTO CANISTER 
2.2A.7.S.3 REMOVE STRONGBACK 
2.2A.7.S.4 CLOSE CANISTER 

2.2A.7.6.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
2.2A.7.7 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

2.2A.7.7.1 ATTACH STRONGBACK TO PAYLOAD 
2.2A.7.7.2 INSTALL PAYLOAD IN ORBITER 
2.2A.7.7.3 CONNECT ORBITER/PAYLDAO INTERFACES 
2.2A.7.7.4 CHECK ELECTRICAL INTERFACES 
2.2A.77.5 INSTALLATION OF OMS KIT 
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2.2A.7.7.6 CLOSE-OUT PAYLOAD BAY 
2.2A.B COUNTDOWN AND LAUNCH 
2.2A.9 ORBITAL RENDEZVOUS AND CAPTURE 

2.2A.9.1 SHUTTLE ATTAINS RENDEZVOUS ORBIT 
2.2A.9.2 RENDEZVOUS WITH AXAF 

2.2A.9.2.1 COMPUTE EXPECTED TARGET POSITION 
2.2A.9.2.2 ALIGN ORBITER WITH EXPECTED TARGET POSITION 
2.2A.9.2.3 DEPLOY RENDEZVOUS SENSOR 
2.2A.9.2.4 ACTIVATE RENDEZVOUS SENSOR 
2.2A.9.2.5 TRACK TARGET 

2.2A.9.2.6 COMPUTE TERMINAL PHASE OMS BURN 
2.2A.9.2.7 FIRE THRUSTERS 
2.2A.9.3 OPERATIONAL CHECKOUT 

2.2A.9.3.1 COMMAND ATTITUDE CHANGE 


Command to change pointing Is entered. 

2.2A.9.3.2 OBSERVE ATTITUDE CHANGE 


Orbiter observes results of attitude change command. 
2.2A.9.3.3 MONITOR TELEMETRY 


AXAF data Is monitored by Orbiter. 


2.2A.9.3.4 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data Is evaluated to verify correct response 
to command. 


2.2A.9.4 STABILIZE AXAF FOR RETRIEVAL 


If system performance is not adequate, retrieval may be necessary, 
for repairs in payload bay or on ground. 


2.2A.9.4.1 INITIALIZE GUIDANCE SYSTEM 


Update Inertial reference system. 


2.2A.9.4.2 DETERMINE CURRENT ATTITUDE 
2.2A.9.4.3 DETERMINE DESIRED ATTITUDE 

2.2A.9.4.4 determine NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main components are solar arrays and radiators. 


2.2A.9.4.5 CHOOSE OPTIMAL TRAJECTORY 
2.2A.9.4.G ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2.2A.9.4.7 DETERMINE DISTURBING TORQUES 
2. 2A 9.4.8 COMPUTE REQUIRED RESULTANT 
2.2A.9.4.9 APPLY COMPENSATING TORQUES 


Use magnetic torquers. 


2.2A.9.4.10 SHUTDOWN SPACECRAFT SYSTEMS 
2.2A.9.5 ATTACH AXAF TO ORBITER 

2.2A.9.5.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER 
2.2A.9.5.2 LOCATE GRASPING FIXTURE ON TARGET 


The target Is AXAF. 


2.2A.9.5.3 GRASP FIXTURE 
2.2A.9.5.4 TRANSLATE PAYLOAD TO CRADLE 
2.2A.9.5.5 FASTEN PAYLOAD RESTRAINTS 
2.2A.9.6 TESTS OF ATTACHED PAYLOAD 

2.2A.9.6.1 COMMAND DETECTOR SELECTION 


Command to rotate detector carousel Is entered from Orbiter. 


2.2A.9.6.2 OBSERVE DETECTOR SELECTION 
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Data from AXAF is chockocJ to verify detector selection. 
2.2A.9.G.3 MONITOR TELEMETRY 


AXAF data Is monitored by Orbiter. 

2.2A.9.S.4 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data 1s evaluated to verify correct response 
to command. 


2.2A.9.7 IDENTIFY DEFECTIVE COMPONENT 
2.2A.9.7.1 DETERMINE ANOMALOUS DATA 
2.2A.9.7.2 FORM HYPOTHESIS FOR PROBLEM 

OR5G8[l'^.L PACL" S 
OF POOR QUALIT 


2.2A.9.8.S IDENTIFY FAULTY SOFTWARE 
2.2A.10 COMPONENT/SOFTWARE REPLACEMENT 
2.2A.10.1 REMOVE OLD DETECTOR MODULE 
2.2A.10.1 1 LOCATE ACCESS PANEL 
2 .A. 10. 1.2 OPEN ACCESS PANEL 
2. 2A. 10. 1.3 MOVE DETECTOR INTO POSITION 
2. 2A. 10. 1.4 CLOSE INTERNAL VALVES 
2.2A.10.1.5 DISCONNECT DETECTOR 
2.2A.10.1.S REMOVE DETECTOR 
2. 2A. 10. 1.7 STORE DETECTOR 
2.2A.10.2 INSTALL NEW DETECTOR MODULE 
2.2A.10.2 1 LOCATE DETECTOR 
2. 2A. 10.2.2 INSTALL DETECTOR 
2. 2A. 10.2.3 CONNECT DETECTOR 
2. 2A. 10.2.4 OPEN INTERNAL VALVES 
2. 2A. 10.2.5 MAKE DIAGNOSTIC CHECKS 
2.2A.10.2 6 CLOSE ACCESS PANEL 
2.2A.10.3 COMPONENT REPLACEMENT 

2. 2A. 10.3.1 DEFINE ACCESS SEQUENCE 
2. 2A. 10.3.2 LOCATE ACCESS PANEL 

2. 2A. 10.3.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
2, 2A. 10.3.4 OPEN ACCESS PANEL 

2. 2A. 10.3.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
2. 2.A. 10.3,6 REMOVE COMPONENT 
2. 2A. 10.3.7 STORE COMPONENT 
2. 2A. 10.3.8 LOCATE NEW COMPONENT 
2. 2A. 10.3.9 POSITION AND CONNECT NEW COMPONENT 
2.2A.10.3.10 ADJUST COMPONENT 
2.2A.10.3.11 MAKE DIAGNOSTIC CHECKS 
2.2A.10.3.12 CLOSE ACCESS PANEL 
2.2A.10.3.13 STOW REPAIR EQUIPMENT 
2.2A.10.4 SOFTWARE REPLACEMENT 

2. 2A. 10.4.1 DATA/COMMAND ENCODING 
2. 2A. 10.4.2 DATA/COMMAND TRANSMISSION 
2. 2A. 10.4.3 COMPUTER FUNCTION CHECKS 
2.2A.11 RESUPPLY CONSUMABLES 

2.2A.11.1A FLUID REPLACEMENT (UMBILICAL) 

2.2A.11.1A.1 LOCATE ACCESS PANEL 
2.2A.11.1A.2 OPEN ACCESS PANEL 
2.2A.11.1A.3 CLOSE INTERNAL VALVES 
2.2A.11.1A.4 EXTEND AND ATTACH UMBILICAL 
2.2A.11.1A.5 OPEN SUPPLY VALVE 
2.2A.11.1A.6 MONITOR FLUID TRANSFER 
2.2A.11.1A.7 CLOSE SUPPLY VALVE 
2.2A.11.1A.8 detach AND RETRACT UMBILICAL 
2.2A.11.1A.9 OPEN INTERNAL VALVES 
2.2A. 11 . 1A. 10 CHECK FOR LEAKS 
2.2A. 11 . 1A. 11 CLOSE ACCESS PANEL 


2.2A.9.7.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
2.2A.9.7.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
2.2A.9.7.5 IDENTIFY FAULTY COMPONENT 
2.2A.9.8 IDENTIFY DEFECTIVE SOFTWARE 

2.2A.9.8.1 COMPARE MEASURED DATA TO MODEL 
2.2A.9.8.2 DETERMINE ANOMALOUS DATA 
2.2A.9.8.3 FORM HYPOTHESIS FOR PROBLEM 
2.2A.9.8.4 DEVISE TEST FDR FAILURE HYPOTHESIS 
2.2A.9.8.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
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2.2A.11.1B FLUID REPLACEMENT (TANK REPLACEMENT) 
2.2A.11.1B.1 LOCATE ACCESS PANEL 

2.2A.11.1B.2 transfer REPAIR EQUIPMENT TO REPAIR SITE 
2.2A.11.1B.3 OPEN ACCESS PANEL 
2.2A.11.1B.4 CLOSE INTERNAL VALVES 
2.2A.11.1B.5 LOCATE OLD TANK 
2.2A.11.1B.6 DISCONNECT OLD TANK 
2.2A.11.1B.7 REMOVE OLD TANK 
2.2A,11,1B.e STORE OLD TANK 
2.2A.11.1B.9 LOCATE NEW TANK 
2.2A. 11 . 1B. 10 INSTALL NEW TANK 
2.2A. 11 , IB, 11 CONNECT NEW TANK 
2.2A. 1 1 . 1B, 12 OPEN INTERNAL VALVES 
2.2A. 11 , 1B. 13 CHECK FOR LEAKS 
2.2A. 11 , IB. 14 CLOSE ACCESS PANEL 
2 . 2A . 1 1 . IB . 15 STOW REPAIR EQUIPMENT 
2.2A.12 NON-ROUTINE MAINTENANCE AND REPAIR 
2.2A 13 SECURE PAYLOAD IN ORBITER 

2.2A.13.1 RETRACT DEPLOYABLE PAYLOAD COMPONENTS 
2. 2A. 13. 1.1 RETRACT TDRSS ANTENNAS 
2.2A.13.1.2 LOCATE SUNSHADE RESTRAINTS 
2.2A.13.1.3 RELEASE SUNSHADE RESTRAINTS 
2. 2A. 13.1.4 LOCATE GRASPING FIXTURE ON TARGET 


The 

target 

Is the AXAF 

sunshade . 



2.2A. 13. 1 .5 
2 . 2A , 13 . 1 .6 
2.2A. 13. 1 .7 
2.2A. 13. 1 .8 
2.2A. 13. 1 .9 

GRASP FIXTURE 
CLOSE SUNSHADE 

LOCATE SOLAR ARRAY RESTRAINTS 
RELEASE SOL.AR ARRAY RESTRAINTS 
LOCATE GRASPING FIXTURE ON TARGET 

The 

target 

is the AXAF 

solar array. 


2.2A 

2, 2A, 13.1.10 GRASP FIXTURE 
2.2A.13.1.11 RETRACT SOLAR ARRAYS 
.13.2 RETRACTION OF PAYLOAD INTO PAYLOAD BAY 
2. 2A. 13.2.1 LOCATE GRASPING FIXTURE ON TARGET 

The 

target 

Is AXAF. 




2 . 2A . 13 . 2 . 2 
2. 2A. 13.2.3 

GRASP FIXTURE 

TILT PAYLOAD TO HORIZONTAL POSITION 

AXAF 

Is mounted on a tilt-table. 

2 

.2A. 14 
2 . 2A 
2 . 2A 

2. 2A. 13.2.4 FASTEN PAYLOAD RESTRAINTS 

2. 2A. 13.2.5 CLOSE PAYLOAD BAY DOORS 

ORBITAL DEPLOYMENT AND CHECKOUT 

,.14.1 SHUTTLE ATTAINS DELIVERY ORBIT 

,.14.2 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 

2. 2A. 14.2.1 OPEN PAYLOAD BAY DOORS 

2. 2A. 14.2.2 LOCATE GRASPING FIXTURE ON TARGET 

The 

target 

Is AXAF. 




2 . 2A . 14 . 2 . 3 
2 . 2A . 14 . 2 , 4 
2.2A. 14.2.5 

GRASP FIXTURE 

RELEASE PAYLOAD RESTRAINTS 
TILT PAYLOAD TO VERTICAL POSITION 

AXAF 

Is mounted on a tilt-table. 


2.2A 

,.14.3 EXTEND 
2. 2A. 14.3. 1 
2 . 2A . 14 . 3 . 2 
2.2A. 14.3.3 

1 DEPLOYABLE COMPONENTS 
LOCATE SOLAR ARRAY RESTRAINTS 
RELEASE SOLAR ARRAY RESTRAINTS 
LOCATE GRASPING FIXTURE ON TARGET 

The 

target 

Is the AXAF 

solar array. 



2 . 2A . 14 . 3 . 4 
2.2A. 14.3.5 
2.2A. 14.3.6 

GRASP FIXTURE 
DEPLOY SOLAR ARRAYS 
LOCATE SUNSHADE RESTRAINTS 
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2. 2A. 14.3.7 RELEASE SUNSHADE RESTRAINTS 
2. 2A. 14.3.8 LOCATE GRASPING FIXTURE ON TARGET 


The target Is the AXAF sunshade. 


2. 2A. 14.3.9 GRASP FIXTURE 
2.2A.14.3.10 OPEN SUNSHADE 
2.2A.14.3.11 DEPLOY TDRSS ANTENNAS 
2.2A.14.4 TESTS OF ATTACHED PAYLOAD 

2. 2A. 14.4.1 COMMAND DETECTOR SELECTION 


Command to rotate detector carousel Is entered from Orblter. 


2. 2A, 14.4.2 OBSERVE DETECTOR SELECTION 


Data from AXAF Is checked to verify detector selection. 


2. 2A. 14.4.3 MONITOR TELEMETRY 


AXAF data Is monitored by Orblter. 


2. 2A. 14.4.4 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data Is evaluated to verify correct response 
to command. 


2.2A.14.5 SEPARATION OF PAYLOAD FROM ORBITER 

2. 2A. 14.5.1 LOCATE GRASPING FIXTURE ON TARGET 


The target Is AXAF. 


2. 2A. 14.5.2 GRASP FIXTURE 
2. 2A. 14.5.3 RELEASE PAYLOAD RESTRAINTS 
2. 2A. 14.5.4 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 
2. 2A. 14.5.5 RMS RELEASES PAYLOAD 
2.2A.14.6 OPERATIONAL CHECKOUT 

2. 2A. 14.6.1 ACTIVATE AXAF SUBSYSTEMS 


Attitude control, communications, thermal control systems are 
act 1 vated . 


2. 2A. 14.6.2 COMMAND ATTITUDE CHANGE 


Command to change pointing Is entered. 


2. 2A. 14.6.3 OBSERVE ATTITUDE CHANGE 


Orblter observes results of attitude change command. 


2. 2A. 14.6.4 MONITOR TELEMETRY 


AXAF data Is monitored by Orblter. 


2. 2A. 14.6.5 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data Is evaluated to verify correct response 
to command. 


2.2A.14.7 STABILIZE AXAF FOR RETRIEVAL 


If system performance Is not adequate, retrieval may be necessary, 
for repairs in payload bay or on ground. 


2. 2A. 14.7.1 INITIALIZE GUIDANCE SYSTEM 


Update Inertial reference system. 


2. 2A. 14.7,2 DETERMINE CURRENT ATTITUDE 
2. 2A. 14.7.3 DETERMINE DESIRED ATTITUDE 

2.2A 14.7 4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main components are solar arrays and radiators. 


2A.35 



ii u 


OF PGi>U' 


2.2A.U.7.5 CHOOSE OPTIMAL TRAJECTORY 
2. 2A. 14.7.6 ROTATE SPACECRAFT 


Us8 mncfnatlc torquers for attitude control. 


2.2A.14.7.7 DETERMINE DISTURBING TORQUES 
2. 2A. 14,7.8 COMPUTE REQUIRED RESULTANT 
2. 2A. 14,7.9 APPLY COMPENSATING TORQUES 


Use maonetlc torquers. 


2.2A.14.7.10 SHUTDOWN SPACECRAFT SYSTEMS 
2.2A.14.B ATTACH AXAF TO ORBITER 

2. 2A. 14.6.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER 
2. 2A. 14.8.2 LOCATE GRASPING FIXTURE ON TARGET 


The target Is AXAF. 


2. 2A. 14.8.3 GRASP FIXTURE 
2. 2A. 14.8.4 TRANSLATE PAYLOAD TO CRADLE 
2 2A. 14.8.5 FASTEN PAYLOAD RESTRAINTS 
2.2A.14.9 IDENTIFY DEFECTIVE COMPONENT 
2. 2A. 14.9.1 DETERMINE ANOMALOUS DATA 
2. 2A. 14.9.2 FORM HYPOTHESIS FOR PROBLEM 
2. 2A. 14.9.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
2. 2A. 14.9.4 PERFORM TEST FCR FAILURE HYPOTHESIS 
2. 2A. 14.9.5 IDENTIFY FAULTY COMPONENT 
2 . 2A . 14 . luA COMPONENT FAILURE RECOVERY (REDUNDANCY) 

2. 2A. 14 , 10A, 1 SWITCH OUT FAULTY COMPONENT 
2.2A. 14. 10A.2 SWITCH IN REDUNDANT COMPONENT 
2.2A. 14 . 10A.3 MAKE DIAGNOSTIC CHECKS 
2.2A. 14. 10A.4 UPDATE SPACECRAFT MODEL 
2.2A.14.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

2.2A. 14 , 10B. 1 DEFINE ACCESS SEQUENCE 
2.2A , 14 . 10B.2 LOCATE ACCESS PANEL 

2.2A.14. 10B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
2.2A. 14. 10B.4 OPEN ACCESS PANEL 

2.2A. 14. 10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
2.2A. 14, 10B.S REMOVE COMPONENT 
2.2A.14.10B 7 STORE COMPONENT 
2 , 2A . 14 . 10B .8 LOCATE NEW COMPONENT 
2.2A, 14. 10B.9 POSITION AND CONNECT NEW COMPONENT 
2 . 2A . 14 . 10B . 10 ADJUST COMPONENT 
2.2A. 14. 10B. 11 MAKE DIAGNOSTIC CHECKS 
2 ,2A . 14 . 10B . 12 CLOSE ACCESS PANEL 
2 . 2A . 14 . 10B . 13 STOW REPAIR EQUIPMENT 
2.2A.14.11 IDENTIFY DEFECTIVE SOFTWARE 

2. 2A. 14. 11.1 COMPARE MEASURED DATA TO MODEL 
2, 2A. 14, 11. 2 DETERMINE ANOMALOUS DATA 
2. 2A, 14, 11. 3 FORM HYPOTHESIS FOR PROBLEM 
2. 2A. 14. 11. 4 DEVISE TEST FOR FAILURE HYPOTHESIS 
2.2A.14.11.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
2. 2A, 14. 11.6 IDENTIFY FAULTY SOFTWARE 
2.2A.14.12 SOFTWARE FAILURE RECOVERY 

2.2A.14.12.1 DETERMINE CORRECTION ALGORITHM 
2.2A.14.12.2 DATA/COMMAND ENCODING 
2.2A.14.12.3 DATA/COMMAND TRANSMISSION 
2.2A.14.12.4 COMPUTER FUNCTION CHECKS 
2.2A.15 REENTRY AND LANDING 
2.2A.16 POST-FLIGHT OPERATIONS 
2.2A.16.1 SAFING OF ORBITER 
2.2A.16.2 REMOVAL OF PAYLOAD FROM ORBITER 
2. 2A. 16.2.1 OPEN PAYLOAD BAY DOORS 
2. 2A. 16.2.2 ATTACH STRONGBACK TO PAYLOAD 
2. 2A. 16.2.3 LOAD PAYLOAD INTO CANISTER 

2.2B SERVICING, MAINTENANCE, AND REPAIR (SHUTTLE WITH TMS UPPER STAGE) 
2.2B. 1 DESIGN 

2.2B.1.1 DEFINE REQUIREMENTS 
2.2B.1.2 MISSION ANALYSIS 
2.2B.1.3 PAYLOAD ACCOMMODATIONS 


2A.36 





OF pgoe; 


2.2B.1.4 CREATE FUNCTIONAL LAYOUT 
2.2B.1.5 FAILURE MODES ANALYSIS 
2.2B.1.6 CREATE MECHANICAL LAYOUT 
2.2B. 1 .7 SAFETY REVIEW 
2.2B.1.8 DESIGN OF COMPONENTS 
2.2B.1.10 SOFTWARE DEVELOPMENT 
2.2B.2 COMPONENT FABRICATION 

2.2B.2.1 PROCURE OFF-THE-SHELF COMPONENTS 
2.2B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 
2.2B.2.3 PROCURE MANUFACTURING EQUIPMENT 
2.2B.2.4 MANUFACTURE COMPONENTS 
2.2B.3 COMPONENT TEST 

2.2B.3.1 SET UP TEST FACILITIES 
2.2B.3.2 STRUCTURAL LOADS TESTS 
2.2B.3.3 DATA PROCESSING AND SOFTWARE TESTS 
2.2B.3.4 SOLAR ARRAY DEPLOYMENT TESTS 
2.2B.3.5 ELECTRICAL SYSTEMS TESTS 
2.2B.3.6 THERMAL AND VACUUM TESTS 
2.2B.3.7 DETECTOR ALIGNMENT TESTS 
2.2B.3.8 THRUSTER TESTS 
2.2B.3.9 COMPONENT CERTIFICATION 
2.2B.4 SYSTEM INTEGRATION 
2.2B.5 SYSTEM TEST 

2.2B.5.1 POWER SUBSYSTEM TESTS 
2.2B.5.2 THERMAL SUBSYSTEM TESTS 
2.2B.5.3 STRUCTURE SUBSYSTEM TESTS 
2.2B.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
2.2B.5.S COMMUNICATIONS SUBSYSTEM TESTS 
2.2B.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS 
2.2B.S.7 OPTICAL SUBSYSTEM TESTS 
2.2B.5.8 PROPULSION SUBSYSTEM TESTS 
2.2B.5.9 INTEGRATED SVSTEMS TESTS 
2.2B.5.10 FAILURE MODES SIMULATION 
2.2B.5.11 SYSTEM CERTIFICATION 
2.2B.S SHIPPING TO LAUNCH SITE 

2.2B.6.1 REMOVE TEST EQUIPMENT 
2.2B.6.2 PERFORM NECESSARY DISASSEMBLY 
2.2B.6.3 PACKING 

2.2B.6.4 TRANSPORT TO LAUNCH SITE 
2.2B.7 PAYLOAD INTEGRATION AND CHECKOUT 
2 . 2B . 7 . 1 UNPACKING 

2.2B.7.2 PERFORM NECESSARY REASSEMBLY 
2.2B.7.3 INTEGRATED SYSTEMS TESTS 

7.3.1 VERIFY POWER SYSTEM FUNCTION 

7.3.2 VERIFY COMMAND SYSTEM FUNCTION 
.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
,7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
.7.3,5 VERIFY DETECTOR SYSTEM FUNCTION 
,7.3.6 MISSION SEQUENCE SIMULATION 

2.2B.7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 

2.2B.7.4.1 LOAD PAYLOAD INTO CONTAINER 
2.2B.7.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
2.2B.7.4.3 ATTACH STRONGBACK TO PAYLOAD 
2.2B.7,4,4 INSTALL PAYLOAD IN HORIZONTAL CITE 
2.2B.7.5 INTEGRATE TMS WITH PAYLOAD 
2.2B.7.6 PERFORM INTERFACES CHECK 

2.2B.7.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
2.2B.7.6.2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
2. 2B 7.6.3 CHECK ELECTRICAL INTERFACES 
2.2B.7.7 TRANSFER TMS/PAYlOAD TO ORBITER PROCESSING FACILITY 
2.2B.7.7.1 ATTACH STRONGBACK TO PAYLOAD 
2.2B.7.7.2 LOAD PAYLOAD INTO CANISTER 
2.2B.7.7.3 REMOVE STRONGBACK 
2.2B.7.7.4 CLOSE CANISTER 

2.2B.7.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
2.2B.7.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

2.2B.7.8.1 ATTACH STRONGBACK TO PAYLOAD 
2.2B.7.8.2 INSTALL PAYLOAD IN ORBITER 
2.2B.7.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
2.2B.7.8.4 CHECK ELECTRICAL INTERFACES 
2.2B.7.8 5 CLOEE-OUT PAYLOAD BAY 

2.2B.7.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 


2B.7.3 
2.2B, 
2 . 

2 
2 . 

2 
2 , 


. 2B, 
.2B , 
. 2B, 
.2B 
,2B. 
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2.2B.8 COUNTDOWN AND l.AUNIH OF 

2.2B.9 orbital RENDEJVOi.'l AND CAPTURE 

2.2B.9.1 shuttle ATTAINS DELIVERY ORBIT 
2.2B.9.2 TESTS OF ATTACHED PAYLOAD 

2.2B 9,2.1 POWER SUCSySTEM CHECKOUT 

2.2B.9 2 2 INFORMATI9N PROCESSING SUBSYSTEM CHECKOUT 
2.2B.9 3 EXTENSION OF PAVLOAD FROM PAYLOAD BAY 
2.2B.9 3 1 OPEN PAVi.QAD BAY DOORS 
2.2B.8.3 2 ACTIVATI^ RMS 

2.2B.9.3.3 LOCATE GRASPING FIXTURE ON TARGET 




The target the TMS . 


2.2B.9 3 4 MOVE RMS TO FIXTURE 
2 2B.9.3 5 GRASP FIXTURE 
2.2B.9 3.C RELEASE PAYLOAD RL'TRAINTS 
2.2B.9.3 7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 
2.2B.9.4 SEPARATION OF PAYLOAD FR.TM ORBITER 
2.2B.9 4.1 RMS RELEASES PAYLOAD 
2.2B.9.4.2 SECURE RMS IN PAYLOAD BAY 
2.2B.9.5 OPERATIONAL CHECKOUT OF TMS 
2.2B.9.5.1 ACTIVATE TMS SUBSYSTEMS 

2.2B.9 52 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
2.2B.9 5 3 POWER SUESYSTEM CHECKOUT 
2.2B.9.5.4 thermal SUBSYSTEM CHECKOUT 
2.2B.9 5.5 STRUCTURAL SUBSYSTEM CHECKOUT 
2.2B.9 S 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 
2.2B.9.5 7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 
2.2B.9 5.8 propulsion SUBSYSTEM CHECKOUT 
2.2B.9.5 9 CONSUMABLES LEVELS CHECKOUT 
2 2B.9 6 ORBITAL TRANSFER 

2.2B.9 G 1 IMTIALirr GUIDANCE SYSTEM 


Update Inertial roforoncG cvstem 


2.2B.9 6 2 DETERMINE CURRENT ORBITAL PARAMETERS 
2.2B.9.G 3 DETERMINE DESIRED ORBITAL PARAMETERS 
2.2B.9 6 4 CHOOSE OPTIMAL TRAJECTORY 
2.2B.9.6 5 determine CURRENT ATTITUDE 
2.2B.9 6 6 determine DESIRED ATTITUDE 
2.2B.9 G 7 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control 


2 2B.9 6.8 FIRE THRUSTERS 
2.2B.9.7 OPERATIONAL CHECKOUT OF AXAF 
22B.9.7.1 COMMAND ALTITUDE CHANGE 


Command to change pointing enter-eq 


2.2B.9.7.2 OBSERVE ATTITUDE CHANGE 


Orbiter observes results r‘ attitude change command. 


2.2B.9.7.3 MONITOR TELEMETRY 


AXAF data Is monlto'-ed by Orpiter 


2.2B.9.7 4 EVALUATE SYSTEM PERFORMANCE 


Detector and housekeeping data is evaluated to verify correct response 
to command. 


2 2B.9.8 STABILIZE AXAF FOR RETRIEVAL 


If system performance is not adeauato, retrieval may be necessary, 
for repairs 1n payload bay or on ground 


2.2B9 8 1 initialize GUIDANCE SYSTEM 


Update Inertial refe'-ence system 
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2.2B.G.8.2 DETERMINE CURRENT ATTITUDE 
2.20.9.8.3 DETERMINE DESIRED ATTITUDE 

2.2B.0.8.4 DETERMINE NEW CONF IC-URATION FOR SPACECRAFT COMPONENTS 


Main componontfj spo jsoIop ormyo and radiators. 


2.2B.9.8.5 CHOOSE OPTIMAL TRAJECTORY 
2.2B.9.B.G ROTATE SPACECRAFT 


Use magnetic torquorc for attitude control. 


2.2B.9.B.7 DETERMINE DISTURBING TORQUES 
2.2B.9.8.8 COMPUTE REQUIRED RESULTANT 
2.2B.9.8.9 APPLY COMPENSATING TORQUES 


Use magnetic torquers. 


2.2B.9.8.10 SHUTDOWN SPACECRAFT SYSTEMS 
2.2B.9.9 DOCK TMS TO SPACECRAFT 

2.2B.9.9.1 LOCATE DOCKING TARGET 
2.2B.9.9.2 EXTEND DOCKING MECHANISM 
2.2B.9.9.3 FASTEN DOCKING LATCH 
2..TB.9.10 IDENTIFY DEFECTIVE COMPONENT 
2. 2B. 9. 10.1 DETERMINE ANOMALOUS DATA 
2. 2B. 9. 10.2 FORM HYPOTHESIS FOR PROBLEM 
2. 2B. 9. 10.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
2. 2B. 9. 10.4 PERFORM TEST FOR AltURE HYPOTHESIS 
2. 2B. 9. 10.5 IDENTIFY FAULTY COMPONENT 
2.2B.9.11 identify DEFECTIVE SOFTWARE 

2. 2B. 9. 11.1 COMPARE MEASURED DATA TO MODEL 
2.2B.9.11.2 DETERMINE ANOMALOUS DATA 
2. 2B. 9. 11.3 FORM HYPOTHESIS FDR PROBLEM 
2. 2B. 9. 11.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
2.2B.9.11.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
2.2B.9.11.S IDENTIFY FAULTY SOFTWARE 
2.2B.10 CDMPONENT/SOFTWARE REPLACEMENT 
2.2B.10.1 REMOVE OLD DETECTOR MODULE 
2. 2B. 10. 1.1 LOCATE ACCESS PANEL 
2. 2B. in. 1.2 OPEN ACCESS PANEL 
2. 2B. 10.1.3 MOVE DETECTOR INTO POSITION 
2.2B.10.1 4 CLOSE INTERNAL VALVES 
2.2B.*0.1.5 DISCONNECT DETECTOR 
2.2B.10.1.6 REMOVE DETECTOR 
2 2B. 10. 1.7 STORE DETECTOR 
2.2B.10.2 install NEW DETECTOR MODULE 
2. 2B. 10.2.1 LOCATE DETECTOR 
2. 2B. 10.2.2 INSTALL DETECTOR 
2. 2B. 10.2,3 CONNECT DETECTOR 
2, 2B. 10.2.4 OPEN INTERNAL VALVES 
2. 2B. 10.2.5 MAKE DIAGNOSTIC CHECKS 
2. 2B. 10.2.6 CLOSE ACCESS PANEL 
2.2B 10.3 COMPONENT REPLACEMENT 

2. 2B. 10.3.1 DEFINE ACCESS SEQUENCE 
2. 2B. 10.3.2 LOCATE ACCESS PANEL 

2. 2B. 10.3.3 transfer REPAIR EQUIPMENT TO REPAIR SITE 
2. 2B. 10.3.4 OPEN ACCESS PANEL 

2. 2B. 10.3.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
2.25.10,3 6 REMOVE COMPONENT 
2. 2B. 10.3.7 STORE COMPONENT 
2. 2B. 10.3.8 LOCATE NEW COMPONENT 
2, 2B. 10.3.9 POSITION AND CONNECT NEW COMPONENT 
2.2B.10.3.10 ADJUST COMPONENT 
2.2B.10.3.11 MAKE DIAGNOSTIC CHECKS 
2.2B.10.3.12 CLOSE ACCESS PANEL 
2.2B.10.3.13 STOW REPAIR EQUIPMENT 
2.2B.10.4 SOFTWARE REPLACEMENT 

2. 2B. 10.4.1 DATA/COMMAND ENCODING 
2. 2B. 10.4.2 HATA/COMMAND TRANSMISSION 
2. 2B. 10.4,3 COMPUTER FUNCTION CHECKS 
2.2B.11 RESUPPLY CONSUMABLES 

2.2B.11.1A FLUID REPLACEMENT (UMBILICAL) 

2,2B.11.1A,1 LOCATE ACCESS PANEL 
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2.2B 


2 
2 
2 
2 
2 
2 
2 

2.2e 

2.2B 
. 2B. 11 . 
2 .2B 
2.2B 
2.2B 
2.2B 


. 1 1 
, 1 1 
. 1 1 
. 1 1 
. 1 1 
. 1 1 
, 11 
. 11 
. 1 1 
. 1 1 
IB 
. 11 . IB 


2 OPEN ACCESS PANEL 

3 CLOSE INTERNAL VALVES 

4 EXTEND AND ATTACH UMBILICAL 

5 OPEN SUPPLY VALVE 

6 MONITOR FLUID TRANSFER 

7 CLOSE SUPPLY VALVE 

8 detach and retract UMBILICAL 

9 OPEN TNTERNAL VALVES 

10 CHECK FOR LEAKS 


. 1A 

. 1A. 1 1 CLOSE ACCESS PANEL 
FLUID REPLACEMENT (TANK REPLACEMENT) 

1 LOCATE ACCESS PANEL 

11. IB. 2 TRANSFER REPAIR EQUIPMENT TO REPAIR 
1 1 . IB. 3 OPEN ACCESS PANEL 
11. IB. 4 CLOSE INTERNAL VALVES 
2B.11.1B.5 LOCATE OLD TANK 
2B. 11. 18.6 DISCONNECT OLD TANK 
2B.11.1B.7 REMOVE OLD TANK 
2B. 11 . 1B.8 STORE OLD TANK 
2B,11.1B.9 LOCATE NEW TANK 
2B. 11. IB. 10 install new TANK 
2B. 11. IB. 11 CONNECT NEW TANK 
2B. 11. IB. 12 OPEN INTERNAL VALVES 
2B. 11. IB. 13 CHECK FOR LEAKS 
2B 11. IB. 14 CLOSE ACCESS PANEL 
2B. 11. IB. 15 STOW REPAIR EQUIPMENT 
2.2B.12 NON-ROUTINC MAINTENANCE AND REPAIR 
2.2B.13 ORBITAL DEPLOYMENT AND CHECKOUT 

2.2B.13.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 
2.2B.13.1.1 INITIALIZE GUIDANCE SYSTEM 


SITE 


Update Inertial reference system. 


2.2B.13.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2.2B 13.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
2.2B.13.1.4 CHOOSE OPTIMAL TRAJECTORY 
2.2B.13.1.5 determine CURRENT ATTITUDE 
2. 2B. 13.1.6 determine DESIRED ATTITUDE 
2.2B.13.1.7 ROTATE SPACECRAFT 


Usw magnetic torquers for attitude control. 


2 .2B. 13. 1 .8 FIRE THRUSTERS 
2.2B.13.2 UNDOCK TM5 FROM PAYLOAD 

2. 2B. 13.2.1 RELEASE DOCKING LATCH 
2. 2B. 13.2.2 RETRACT DOCKING MECHANISM 
2. 2B. 13.2.3 MOVE AWAY FROM PAYLOAD 
2.2B.13.3 EXTEND DEPLOYABLE COMPONENTS 

2. 2B. 13.3.1 LOCATE SOLAR ARRAY RESTRAINTS 
2. 2B. 13.3.2 RELEASE SOLAR ARRAY RESTRAINTS 
2. 2B. 13.3.3 LOCATE GRASPING FIXTURE ON TARGET 


The target Is the AXAF solar array. 


2. 2B. 13.3.4 GRASP FIXTURE 

2. 2B. 13.3.5 DEPLOY SOLAR ARRAYS 

2. 2B. 13.3.6 LOCATE SUNSHADE RESTRAINTS 

2 2B. 13.3.7 RELEASE SUNSHADE RESTRAINTS 

2.2B.13.3.B LOCATE GRASPING FIXTURE ON TARGET 


The target Is the AXAF sunshade. 


2. 2B. 13.3.9 GRASP FIXTURE 
2.28.13.3.10 OPEN SUNSHADE 
2.2B.13.3.11 DEPLOY TDRSS ANTENNAS 
2.2B.13.4 operational CHECKOUT OF AXAF 

2. 2B. 13.4.1 ACTIVATE AXAF SUBSYSTEMS 


Attitude control, communications, thermal control systems are 
act 1 vated . 


2. 2B. 13.4.2 COMMAND ATTITUDE CHANGE 
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Command to change po ntmg »o ontonod. 


2.2B.13.4 3 OBSERVE ATTITUDE CHANGE 


Orbiter observes rosuitD of ottitude change command. 


2. 2B. 13.4.4 MONITOR TELEMETRY 


AXAF data is monitored by Orbiter. 


2.2B.13 4,5 EVALUATE SYSTEM PERFORMANCE 


Detector and houcokooping data 1c evaluated to verify correct response 
to command. 


2.2B.13.5 IDENTIFY DEFECTIVE COMPONENT 
2.2B.13.5.1 DETERMINE ANOMALOUS DATA 
2.2B.13.S.2 roRM HYPOTHESIS FOR PROBLEM 
2. 2B. 13.5.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
2.2B.13.5 4 PERFORM TEST FOR FAILURE HYPOTHESIS 
2. 2B. 13.5.5 IDENTIFY FAULTY COMPONENT 
2.2B.13.6A COMPONENT FAILURE RECOVERY (REDUNDANCY) 
2.2B.13.GA.1 SWITCH OUT FAULTY COMPONENT 
2.2B.13.6A.2 SWITCH IN REDUNDANT COMPONENT 
2.2B.13.6A.3 MAKE DIAGNOSTIC CHECKS 
2.2B.13.6A.4 UPDATE SPACECRAFT MODEL 
2.2B.13.SB COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 
2.2B.13.6B 1 DEFINE ACCESS SEQUENCE 
2.28. 13. 6B. 2 LOCATE ACCESS PANEL 

2.2B.13.6B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
2.2B.13.6B 4 OPEN ACCESS PANEL 

2.2B.13.CB.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
2.2B.13.6B.6 REMOVE COMPONENT 
2.2B.13.6B.7 STORE COMPONENT 
2.2B.13.6B.8 LOCATE NEW COMPONENT 
2.2B.13.6B.9 POSITION AND CONNECT NEW COMPONENT 
2.2B.13.6B.6 ADJUST COMPONENT 
2.2B. 13.6B. 1 1 MAKE DIAGNOSTIC CHECKS 
2.2B.13 BB 12 CLOSE ACCESS PANEL 
2.2B.13.6B 13 STOW RFPAIR EQUIPMENT 
2.2B.13.7 IDENTIFY DEFECTIVE SOFTWARE 

2. 2B. 13.7.1 COMPARE MEASURED DATA TO MODEL 
2.2B.53.7.2 DETERMINE ANOMALOUS DATA 
2. 2B. 13.7.3 FORM HYPOTHESIS FOR PROBLEM 
2.2B.13.7 4 DEVISE TEST FOR FAILURE HYPOTHESIS 
2. 2B. 13.7,5 PERFORM TEST FOR FAILURE HYPOTHESIS 
2.2B.13.7,'- identify FAULTY SOFTWARE 
2.2B.13.B SOFTWARE FAILURE RECOVERY 

2. 2B. 13.8.1 DETERMINE CORRECTION ALGORITHM 
2.2B.13.82 DATA/COMMAND ENCODING 
2. 2B. 13.8.3 DATA/COMMAND TRANSMISSION 
2.2B.13.B.4 COMPUTER FUNCTION CHECKS 
2.2B.14 RENDEZVOUS WITH ORBITER 

2.2B.14.1 ORBITAL TRANSFER (OF TMS ) 

2.2B.14.1.1 INITIALIZE GUIDANCE SYSTEM 


Update Inertial reference system. 


2.2B.14.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2.2B.14.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
2.28.14.1,4 CHOOSE OPTIMAL TRAJECTORY 
2.2B.14.1.5 determine CURRENT ATTITUDE 
2.2B.14.1,e DETERMINE DESIRED ATTITUDE 
2. 2B. 14. 1.7 ROTATE SPACECRAFT 


use magnetic torquers for attitude control. 


2.2B.14.1.8 FIRE THRUSTERS 
2.2B.14.2 SHU'^DOWN TMS FOR RETRIEVAL 
2. 2B. 14.2.1 STOW TMS ANTENNA 
2.28.14.2.2 OEACTIVATE TMS SUBSYSTEMS 
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2.2B.15 RETRIEVAL Bv ORBITGR 

2.2B.1S.1 ADJUST ORCIT (OP ORDITER) 

2.?.B.15.1.1 initialize GUIDANCE SYSTEM 


Update Inertial roforoneo s/ctoin 


2. 2B. 15, 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2.2B.15 . determine DESIRED ORBITAL PARAMETERS 

2.2B.1S * 4 CHOSE? GPTlMAi. TRAJECTORY 
2. 2B. 15. 1,5 FIRE THRuSTERS 
2.2B.15.2 ADJUST ATTITUDE (OF ORBUER) 

2. 2B. 15.2.1 determine CURRENT ATTITUDE 
2.2B.15.2 2 determine DESIRED ATTITUDE 

2. 2B. 15.2.3 determine NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main componentp arc DOlar orroyc and radiators. 


2.2B.1S.24 CHOOSE OPTIMAL TRAJECTORY 
2. 2B, 15,2.5 ROTATE SPACECRAFT 


Use magnetic torqvjorc for attitude control. 


2.2B.15.3 OPTIMAL CONTROL ALLOCATION 

2.2B 15 3 1 UPDATE SPACECRAFT MODEL ' 

2. 2B. 15.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
2. 2B. 15.3.3 estimate RISKS FROM DESIRED FUNCTIONS 
2. 2B 15.3 4 PROJECT CONSUMABLE? REQUIREMENTS FROM MISSION PROFILE 
2. 2B. 15.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
2. 2B. 15.3,6 CHOOSE OPTIMAL CONTROL MODE 
2. 2B. 15.3.7 COMPUTE CONTROL COMMANDS 
2 2B, 15.3.6 EXECU’E CONTROL COMMANDS 
2.2B.15.4 ORBITER RECOVERY OF TMS 
2.2B.1S.4 1 ACTIVATE RMS 

2. 2B. 15.4.2 LOCATE GRASPING FIXTURE ON TARGET 


Target is the TMS 


2. 2B. 15.4,3 MOVE RMS TO FIXTURE 
2. 2B. 15.4.4 GRASP FIXTURE 
2. 2B. 15.4.5 LOCATE CRADLE IN PAYLOAD BAY 
2.26.15,4,6 TRANSLATE PAYLOAD TO CRADLE 
2 2B, 15.4,7 FASTEN PAVuOAD RESTRAINTS 
2.2B.15.4 8 RMS RELEASES PAYLOAD 
2.2B.15.4 9 SECURE RM? IN PAYLOAD BAY 
2.2B.16 REENTRY AND LANDING 
2.2B.17 POST-FLIGHT OPERATIONS 
2.2B.17.1 SAFING OF OREITER 
2.2B.17 2 REMOVAL OF PAYLOAD FROM 058ITEW 
2.2B.17.2 1 OPEN PAYLOAD BAY DOORS 
2. 2B. 17.2.2 ATTACH STRONGBACK TO PAYLOAD 
2.2B.17.2 3 LOAD PAYLOAD INTO CANISTER 

2.3A RECOVERY (SHUTTLE WITH OMS KIT) 

2.3A. 1 DESIGN 

2.3A.1.1 define requirements 
2.3A.1.2 MISSION analysis 
2.3A.1.3 PAYLOAD ACCOMMODATIONS 
2.3A.1.4 CREATE FUNCTIONAL LAYOUT 
2.3A.1.5 FAILURE MOOES ANALYSIS 

2.3A.1.6 ADJUST DESIGN FOR MAINTENANCE AND REPAIR 
2.3A.1.7 CREATE MECHANICAL LAYOUT 
2 ,3A . 1 .8 SAFETY REVIEW 
,^.3A.1.9 DESIGN OF COMPONENTS 
2.3A.1.10 SOFTWARE DEVELOPMENT 
2.3A.2 COMPONENT FABRICATION 

2.3A.2.1 PROCURE OFF-THE-SHELF COMPONENTS 
2.3A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 
J.3A.2.3 PROCURE MANUFACTURING EQUIPMENT 
2.3A.2.4 manufacture COMPONENTS 
2 .3A.3 COMPONENT TEST 

2.3A 3.1 SET UP TEST FACILITIES 
2.3A.3.2 structural LOADS TESTS 
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2.3A.3.3 DATA PROCESSING AND SOFTWARE TESTS 
2.3A.3.A SOLAR ARRAY DEPLOYMENT TESTS 
2.3A.3.5 ELECTRICAL SYSTEMS TESTS 
2.3A.3,6 thermal AND VACUUM TESTS 
2.3A.3.7 DETECTOR ALIGNMENT TESTS 
2.3A.3.6 COMPONENT CERTIFICATION 
2.3A.4 SYSTEM INTEGRATION 
2.3A.S SYSTEM TEST 

2.3A.5.1 POWER SUBSYSTEM TESTS 
2.3A.5.2 THERMAL SUBSYSTEM TESTS 
2.3A.B.3 STRUCTURE SUBSYSTEM TESTS 
2.3A.5 4 INFORMATION PROCESSING SUBSYSTEM TESTS 
2.3A.5.5 COMMUNICATIONS SUBSYSTEM TESTS 
2.3A.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS 
2.3A.5.7 INTEGRATED SYSTEMS TESTS 
2.3A.5.B FAILURE MOOES SIMULATION 
2.3A.5.9 SYSTEM CERTIFICATION 
2.3A.6 SHIPPING TO LAUNCH SITE 

2.3A.6.1 REMOVE TEST EQUIPMENT 
2.3A.6.2 PERFORM NECESSARY DISASSEMBLY 
2.3A.6.3 PACKING 

2.3A.6.4 TRANSPORT TO LAUNCH SITE 
2.3A.7 PAYLOAD INTEGRATION AND CHECKOUT 
2.3A.7, 1 UNPACKING 

2.3A.7.2 PERFORM NECESSARY REASSEMBLY 
2.3A.7.3 INTEGRATED SYSTEMS TESTS 

2.3A.7.3.1 VERIFY POWER SYSTEM FUNCTION 
2.3A.7.3.2 VERIFY COMMAND SYSTEM FUNCTION 
2.3A.7.3.3 verify MECHANICAL SYSTEM FUNCTION 
2.3A.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
2.3A.7.3.5 MISSION SEQUENCE SIMULATION 
2.3A.7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 

2.3A.7.4.1 LOAD PAYLOAD INTO CONTAINER 
2.3A.7.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
2.3A.7.4.3 ATTACH STRONGBACK TO PAYLOAD 
2.3A.7.4.4 install PAYLOAD IN HORIZONTAL CITE 
2.3A.7.5 PERFORM INTERFACES CHECK 

2.3A.7.5.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
2.3A.7.5.2 CHECK ELECTRICAL INTERFACES 
2.3A.7.S transfer PAYLOAD TO ORBITER PROCESSING FACILITY 
2.3A.7.6.1 AV. ACH STRONGBACK TO PAYLOAD 
2.3A.7.6.2 LOAD PAYLOAD INTO CANISTER 
2.3A.7.6.3 REMOVE STRONGBACK 
2.3A.76.4 CLOSE CANISTER 

2.3A.7.6.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
2.3A.7.7 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

2.3A.7.7.1 ATTACH STRONGBACK TO PAYLOAD 
2.3A.7.7.2 INSTALL PAYLOAD IN ORBITER 
2.3A.7.7.3 CONNECT OREITER/PAYLOAD INTERFACES 
2.3A.7.7.4 CHECK ELECTRICAL INTERFACES 
2.3A.7.7.5 INSTALLATION OF OMS KIT 
2.3A.7.7.6 CLOSE-OUT PAYLOAD BAY 
2.3A.8 COUNTDOWN AND LAUNCH 
2.3A.9 ORBITAL DEPLOYMENT AND CHECKOUT 
2.3A.10 ORBITAL RENDEZVOUS AND CAPTURE 

2.3A.10.1 SHUTTLE ATTAINS RENDEZVOUS ORBIT 
2.3A.10.2 RENDEZVOUS WITH AXAF 

2. 3A. 10.2.1 COMPUTE EXPECTED TARGET POSITION 

2. 3A. 10.2.2 ALIGN ORBITER WITH EXPECTED TARGET POSITION 

2. 3A. 10.2.3 DEPLOY RENDEZVOUS SENSOR 

2. 3A. 10.2.4 ACTIVATE RENDEZVOUS SENSOR 

2. 3A. 10.2.5 TRACK TARGET 

2. 3A. 10.2.6 COMPUTE TERMINAL PHASE OMS BURN 
2. 3A. 10.2.7 FIRE THRUSTERS 
2.3A.10.3 STABILIZE AXAF FOR RETRIEVAL 

2. 3A. 10.3.1 INITIALIZE GUIDANCE SYSTEM 


I 



Update Inertial reference system. 


2. 3A. 10.3.2 DETERMINE CURRENT ATTITUDE 
2.3A, i0.3.3 DETERMINE DESIRED ATTITUDE 

2. 3A. 10.3.4 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 
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Mam components ana solar arrays and radiators. 


2. 3A. 10.3.5 CHOOSE OPTIMAL TRAJECTORY 
2. 3A. 10.3.6 ROTATE SPACECRAFT 


Use maonatlc torquars for attitude control. 


2. 3A. 10.3.7 DETERMINE DISTURBING TORQUES 
2. 3A. 10.3.8 COMPUTE REQUIRED RESULTANT 
2. 3A. 10.3.9 APPLY COMPENSATING TORQUES 


Use magnetic torquars. 


2.3A.10.3.10 SHUTDOWN SPACECRAFT SYSTEMS 
2.3A.10.4 ATTACH AXAF TO ORBITER 

2. 3A. 10,4.1 MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER 
2. 3A. 10.4.2 LOCATE GRASPING FIXTURE ON TARGET 


The target is AXAF. 


2. 3A, 10.4.3 GRASP FIXTURE 
2. 3A. 10.4.4 TRANSLATE PAYLOAD TO CRADLE 
2. 3A. 10.4.5 FASTEN PAYLOAD RESTRAINTS 
2.3A.11 SECURE PAYLOAD IN ORBITER 

2.3A.11.1 RETRACT DEPLOYABLE PAYLOAD COMPONENTS 
2.3A.11.1.1 RETRACT TDRSS ANTENNAS 
2. 3A. 11. 1.2 LOCATE SUNSHADE RESTRAINTS 
2. 3A. 11. 1.3 RELEASE SUNSHADE RESTRAINTS 
2. 3A. 11. 1.4 LOCATE GRASPING FIXTURE ON TARGET 


The target is the AXAF sunshade. 


2.3A. 1 1 . 1 .5 GRASP FIXTURE 

2.3A.11.1 6 CLOSE SUNSHADE 

2. 3A. 11.1.7 LOCATE SOLAR ARRAY RESTRAINTS 

2.3A.11.1.8 RELEASE SOLAR ARRAY RESTRAINTS 

2. 3A. 11. 1.9 LOCATE GRASPING FIXTURE ON TARGET 


The target Is the AXAF solar array. 


2. 3A. 11. 1.10 GRASP FIXTURE 
2. 3A. 11. 1.11 RETRACT SOLAR ARRAYS 
2.3A.11.2 RETRACTION OF PAYLOAD INTO PAYLOAD BAY 
2. 3A. 11.2.1 LOCATE GRASPING FIXTURE ON TARGET 


The target Is AXAF. 


2.3A. 1 1 .2.2 GRASP FIXTURE 

2.3A.11.2.3 TILT PAYLOAD TO HORIZONTAL POSITION 


AXAF Is mounted on a tilt-table. 


2.3A.11.2.4 FASTEN PAYLOAD RESTRAINTS 
2. 3A. 11.2.5 CLOSE PAYLOAD BAV DOORS 
2.3A.12 REENTRY AND LANDING 
2.3A.13 POST-FLIGHT OPERATIONS 
2.3A.13.1 SAFINC OF ORBITER 
2.3A.13.2 REMOVAu OF PAYLOAD FROM ORBITER 
2. 3A. 13.2.1 OPEN PAYLOAD BAY DOORS 
2. 3A. 13.2.2 ATTACH STRONGBACK TO PAYLOAD 
2. 3A. 13.2.3 LOAD PAYLOAD INTO CANISTER 

2.3B RECOVERY (SHUTTLE WITH TMS UPPER STAGE) 

2.3B. 1 DESIGN 

2.3B.1.1 DEFINE REQUIREMENTS 
2.3B.1.2 MISSION ANALYSIS 
2.3B.1 3 PAYLOAD ACCOMMODATIONS 
2.38.1.4 CREATE FUNCTIONAL LAYOUT 
2.3B.1.5 FAILURE MODES ANALYSIS 
2.3B.1.G CREATE MECHANICAL LAYOUT 
2.38.1.7 SAFETY REVIEW 
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2.3B.1.8 DESIGN OF COMPONENTS 
2.3B. 1.10 SOFTWARE DEVELOPMENT 
2.3B.2 COMPONENT FABRICATION 

2.3B.2.1 PROCURE OFF-THE-SHELF COMPONENTS 

2.3B.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

2.3B.2.3 /■'ROCURE MANUFACTURING EQUIPMENT 

2.3B.2.4 MANUFACTURE COMPONENTS 
2.3B.3 COMPONENT TEST 

2. 38. 3.1 SET UP TEST FACILITIES 
2.3B.3.2 STRUCTURAL LOADS TESTS 
2.3B.3.3 DATA PROCESSING AND SOFTWARE TESTS 
2.3B.3.4 SOLAR ARRAY DEPLOYMENT TESTS 
2.3B.3.5 ELECTRICAL SYSTEMS TESTS 
2.3B.3.6 THERMAL AND VACUUM TESTS 
2.3B.3.7 DETECTOR ALIGNMENT TESTS 
2.3B.3.a THRUSTER TESTS 
2.3B.3.9 COMPONENT CERTIFICATION 
2.3B.4 SYSTEM INTEGRATION 
2.3B.5 SYSTEM TEST 

2.3B.5.1 POWER SUBSYSTEM TESTS 
2.3B.5.2 THERMAL SUBSYSTEM TESTS 
2.3B.5.3 STRUCTURE SUBSYSTEM TESTS 
2.3B.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
2.3B.5.5 COMMUNICATIONS SUBSYSTEM TESTS 
2.3B.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS 
2.3B.5.7 OPTICAL SUBSYSTEM TESTS 
2.3B.5.B PROPULSION SUBSYSTEM -TESTS 
2.3B.5.9 INTEGRATED SYSTEMS TESTS 
2.3B.5.10 FAILURE MODES SIMULATION 
2.3B.5.11 SYSTEM CERTIFICATION 
2.3B.G SHIPPING TO LAUNCH SITE 

2.3B.G.1 REMOVE TEST EQUIPMENT 
2.3B.6.2 PERFORM NECESSARY DISASSEMBLY 
2.3B.G.3 PACKING 

2.3B.6 4 TRANSPORT TO LAUNCH SITE 
2.3B.7 PAYLOAD INTEGRATION AND CHECKOUT 
2,3B.7.1 UNPACKING 

2.3B.7.2 PERFORM NECESSARY REASSEMBLY 
2.3B.7.3 INTEGRATED SYSTEMS TESTS 

2.3B.7.3.1 VERIFY POWER SYSTEM FUNCTION 
2.3B.7.3.2 VERIFY COMMAND SYSTEM FUNCTION 
2.3B.7.33 VERIFY MECHANICAL SYSTEM FUNCTION 
2.3B.7.34 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
2.3B.7.3.5 MISSION SEQUENCE SIMULATION 
2.3B.7.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 

2,38.7.4.1 LOAD PAYLOAD INTO CONTAINER 
2.3B.74.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
2.3B.7.4.3 ATTACH STRONGBACK TO PAYLOAD 
2.3B.7.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
2.3B.7.5 INTEr ATE TMS WITH PAYLOAD 
2.3B.7.6 PERFORM INTERFACES CHECK 

2.3B.7.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
2.3B.7,6.2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
'1.3B.7.G.3 CHECK ELECTRICAL INTERFACES 
2.3B.7.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY 
2.3B.7.7.1 ATTACH STRONGBACK TO PAYLOAD 
2.3B.7.7.2 LOAD PAYLOAD INTO CANISTER 
2.3B.7.7.3 REMOVE STRONGBACK 
2.3B.7.7 4 CLOSE CANISTER 

2.3B.7.75 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
2.3B.7.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

2.3B.7.B.1 ATTACH STRONGBACK TO PAYLOAD 
2. 3B. 7.8.2 INSTALL PAYLOAD IN ORBITER 
2.3B.7.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
2.3B.7.8.4 CHECK ELECTRICAL INTERFACES 
2.3B.7.B.5 CLOSE-OUT PAYIQAD BAY 

2.3B.7.8G INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
2.3B.B COUNTDOWN AND LAUNCH 
2.3B.9 ORBITAL RENDEZVOUS AND CAPTURE 

2.3B,9.1 SHUTTLE ATTAINS DELIVERY ORBIT 
2.3B.9.2 TESTS OF ATTACHED PAYLOAD 

2.3B.9.2.1 POWER SUBSYSTEM CHECKOUT 
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2.38.9,2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

2.38.9.3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 

2.38.9.3.1 OPEN PAYLOAD BAY DOORS 

2.38.9.3.2 ACTIVATE RMS 

2.38.9.3.3 LOCATE GRASPING FIXTURE ON TARGET 


The taroet Is the TMS. 


2.38.9.3.4 MOVE RMS TO FIXTURE 

2.38.9.3.5 GRASP FIXTURE 

2. 38. 9. 3. G RELEASE PAYLOAD RESTRAINTS 

2.38.9.3.7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 

2. 38. 9. 4 SEPARATION OF PAYLOAD FROM ORBITER 

2.38.9.4.1 RMS RELEASES PAYLOAD 
2.3B.9.4.2 SECURE RMS IN PAYLOAD BAY 

2.38.9.5 OPERATIONAL CHECKOUT OF TMS 
2.3B.9.S.1 ACTIVATE TMS SUBSYSTEMS 

2.38.9.5.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
2.3B.9.5.3 POWER SUBSYSTEM CHECKOUT 

2.38.9.5.4 THERMAL SUBSYSTEM CHECKOUT 

2.38.9.5.5 STRUCTURAL SUBSYSTEM CHECKOUT 
2.3B.9.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

2.38.9.5.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 
2.3B.9.5.8 PROPULSION SUBSYSTEM CHECKOUT 
2.38.9.5.9 CONSUMABLES LEVELS CHECKOUT 

2.3B.9.6 O.'BITAL TRANSFER 

2,38.9.6.1 INITIALIZE GUIDANCE SYSTEM 


Update inertial reference system. 


2.38.9.6.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2.3B.9.6.3 DETERMINE DESIRED ORBITAL PARAMETERS 

2.38.9.6.4 CHOOSE OPTIMAL TRAJECTORY 
2.3B.9.6.5 DETERMINE CURRENT ATTITUDE 
2.3B.9.6.6 DETERMINE DESIRED ATTITUDE 

2.38.9.6.7 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2.3B.9.6.8 FIRE THRUSTERS 
2.3B.9.7 STABILIZE AXAF FOR RETRIEVAL 

2.3B.9.7.1 INITIALIZE GUIDANCE SYSTEM 


Update Inertial reference system. 


2.38,9.7.2 DETERMINE CURRENT ATTITUDE 
2.3B.9.7.3 DETERMINE DESIRED ATTITUDE 

2.38.9.7.4 DETERMINE NEW CONFIGURATION FDR SPACECRAFT COMPONENTS 


Main components are solar arrays and radiators. 


2.3B.9.7.5 CHOOSE OPTIMAL TRAJECTORY 
2.3B.9.7.6 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2.38.9.7.7 DETERMINE DISTURBING TORQUES 
2.3B.9.7.8 COMPUTE REQUIRED RESULTANT 
2.3B.9.7.9 APPLY COMPENSATING TORQUES 


Use magnetic torquers. 


2.3B.9.7.10 SHUTDOWN SPACECRAFT SYSTEMS 
2.3B.9.8 DOCK TMS TO SPACECRAFT 

2.3B.9.8.1 LOCATE DOCKING TARGET 
2.3B.9.8.2 EXTEND DOCKING MECHANISM 
2.3B.9.B.3 FASTEN DOCKING LATCH 
2.38.10 RENDEZVOUS WITH ORBITER 

2.38.10.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 
2.3B.10.1.1 INITIALIZr GUIDANCE SYSTEM 


Update Inertial reference system. 
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2.3B.10.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2.3B.10.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
2. 3B. 10.1. A CHOOSE OPTIMAL TRAJECTORY 
2.3B.10.1.5 DETERMINE CURRENT ATTITUDE 
2.3B.10.1.6 DETERMINE DESIRED ATTITUDE 
2.3B.10.1.7 ROTATE SPACECRAFT 


UsQ magnetic torquern for attitude control. 


2.3B.10.1.8 FIRE THRUSTERS 
2.3B.10.2 shutdown TMS FOR RETRIEVAL 
2. 3B. 10.2.1 STOW TMS ANTENNA 
2. 3B. 10.2.2 DEACTIVATE TMS SUBSYSTEMS 
2.3B.11 RETRIEVAL BY ORBITER 

2.3B.11.1 ADJUST ORBIT (OF ORBITER) 

2,38.11.1.1 INITIALIZE GUIDANCE SYSTEM 


Update Inertial reference system. 


2. 3B. 11. 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
2.3B.11.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
2.3B.11.1.4 CHOOSE OPTIMAL TRAJECTORY 
2. 3B. 11. 1.5 FIRE THRUSTERS 
2.3B.11.2 ADJUST ATTITUDE (OF ORBITER) 

2. 3B. 11.2.1 DETERMINE CURRENT ATTITUDE 
2. 3B. 11.2.2 DETERMINE DESIRED ATTITUDE 

2. 3B. 11.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 


Main components are solar arrays and radiators. 


2.3B.11.2.A CHOOSE OPTIMAL TRAJECTORY 
2.3B.11.2.5 ROTATE SPACECRAFT 


Use magnetic torquers for attitude control. 


2.3B.11.3 OPTIMAL CONTROL ALLOCATION 

2.36,11.3.1 UPDATE SPACECRAFT MODEL 

2. 3B. 11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
2. 3B. 11.3.3 estimate RISKS FROM DESIRED FUNCTIONS 
2. 3B. 11.3.4 PROJECT CONSUMABLES REOUIREMENTS FROM MISSION PROFILE 
2. 3B. 11.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
2 3B.11.3.6 CHOOSE OPTIMAL CONTROL MODE 
2. 3B. 11.3.7 COMPUTE CONTROL COMMANDS 
2. 3B. 11.3.8 EXECUTE CONTROL COMMANDS 
2.3B.11.4 ORBITER RECOVERY OF TMS/SPACECRAFT 
2 .3B . 1 1 .4 . 1 ACTIVATE RMS 

2.3B.11.4.2 LOCATE GRASPING FIXTURE ON TARGET 


The target is AXAF+TMS. 


2.3B.11.4.3 MOVE RMS TO FIXTURE 
2. 3B. 11.4.4 GRASP FIXTURE 
2.3B.11.4.5 LOCATE CRADLE IN PAYLOAD BAY 
2. 3B. 11.4.6 TRANSLATE PAYLOAD TO CRADLE 
2.3B.11.4.7 FASTEN PAYLOAD RESTRAINTS 
2. 3B. 11.4.8 RMS RELEASES PAYLOAD 
2.3B.11.4.9 SECURE RMS IN PAYLOAD BAY 
2.3B.12 REENTRY AND LANDING 
2.3B.13 POST-FLIGHT OPERATIONS 
2.3B.13.1 SAFING OF ORBITER 
2.3B.13.2 REMOVAL OF PAYLOAD FROM ORBITER 
2. 3B. 13.2.1 OPEN PAYLOAD BAY DOORS 
2. 3B. 13.2.2 ATTACH STRONGBACK TO PAYLOAD 
2. 3B. 13.2.3 LOAD PAYLOAD INTO CANISTER 
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2.A.4 : TELEOPERATOR MANEUVERING SYSTEM 


Tho primary information for this breakdown came from tha followino 
sources: Telaoperator Maneuvaring System Study/Mission Requirements and 
System Definition Study/Review, April 7, 1981. July 22, 1981, and May 11, 
1982; Vought Corporation TMS Design Information Release, September 19, 1980: 
MSEC'S Remote Satellite Services Program/Program Planning Summary, Feburary 
1981; Teleoperator Maneuvering System Study/Mission Requirements and 
System Definition Study (Volume II-Techn1cal Report), May 11, 1982. 


3 TELEOPERATOR MANEUVERING SYSTEM 

3.1A SPACECRAFT TRANSFER (DEPLOYMENT) 


This mission Is the deployment option of the more general spacecraft 
transfer mission. The TMS Is used to transfer a spacecraft from the Orbiter 
to Its Intended orbit. 


3. 1A. 1 DESIGN 

3.1A.1.1 DEFINE REQUIREMENTS 


TMS subsystem requirements Include communications, viewing, docking, 
guidance and control, propulsion, power, and environmental subsystems. 


3.1A.1.2 MISSION ANALYSIS 

3.1 A. 1.3 PAYLOAD ACCOMODATIONS 
3.1A.1.4 CREATE FUNCTIONAL LAYOUT 
3.1A.1.5 FAILURE MODES ANALYSIS 

3.1A.1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR 
3.1A.1.7 CREATE MECHANICAL LAYOUT 
3 . 1A . 1 .8 SAFETY REVIEW 
3.1A.1.9 DESIGN OF COMPONENTS 
3.1A.1.10 SOFTWARE DEVELOPMENT 
3.1A.2 COMPONENT FABRICATION 

3.1 A. 2.1 PROCURE OFF-THE-SHELF COMPONENTS 
3.1A.2.2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 
3.1A.2.3 PROCURE MANUFACTURING EQUIPMENT 

3.1 A. 2. 4 MANUFACTURE COMPONENTS 
3 . 1A . 3 COMPONENT TEST 

3.1A.3.1 SET UP TEST FACILITIES 
3.1A.3.2 STRUCTURAL LOADS TESTS 
3.1A.3.3 DATA PROCESSING AND SOFTWARE TESTS 
3.1A.3.4 ANTENNA AND ARRAY DEPLOYMENT TESTS 
3.1A.3.5 ELECTRICAL SYSTEMS TESTS 
3.1A.3.G THERMAL AND VACUUM TESTS 
3 . 1A . 3 . 7 THRUSTER TESTS 
3.1A.3.8 COMPONENT CERTIFICATION 
3.1A.4 SYSTEM INTEGRATION 
3 . 1A .5 SYSTEM TEST 

3.1A.5.1 POWER SUBSYSTEM TESTS 

3.1 A. 5. 2 THERMAL SUBSYSTEM TECTS 
3.1A.5.3 STRUCTURE SUBSYSTEM TESTS 
3.1A.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
3.1A.5.5 COMMUNICATIONS SUBSYSTEM TESTS 
3.1A.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS 
3.1A.5.7 PROPULSION SUBSYSTEM TESTS 
3.1A.5.8 INTEGRATED SYSTEMS TESTS 
3.1A.5.9 FAILURE MODES SIMUi.ATION 
3.1A.5.10 SYSTEM CERTIFICATiON 
3.1A.6 SHIPPING TO LAUNCH SITE 

3.1A.6.1 REMOVE TEST EQUIPMENT 
3.1A.6.2 PERFORM NECESSARY DISASSEMBLY 
3. 1A.6.3 PACKING 

3.1A.6.4 TRANSPORT TO LAUNCH SITE 
3.1A.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD) 


The Integration attitude of the TMS will depend upon the payload carried by 
the TMS. Horizontal integration will be used for a ho:-izontal payload. 


3 . 1A . 7A . 1 UNPACKING 

3.1A.7A.2 PERFORM NECESSARY REASSEMBLY 
3.1A.7A.3 INTEGRATED SYSTEMS TESTS 

3.1A.7A.3.1 VERIFY POWER SYSTEM FUNCTION 
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3.1A.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.1A.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.1A.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.1A.7A.3.5 MISSION SEOUENCE SIMULATION 
3.1A.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 

3.1A.7A.4.1 LOAD PAYLOAD INTO CONTAINER 
3.1A.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLOG. 
3.1A.7A.4.3 ATTACH STRONGBACK TO PAYLOAD 
3.1A.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
3.1A,7A,5 INTEGRATE TMS WITH PAYLOAD 
3.1A.7A.6 PERFORM INTERFACES CHECK 

3.1A.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.1A.7A.6.2 CHECK ELECTRICAL INTERFACES 
3.1A.7A.G.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.1A.7A.G.4 CHECK ELECTRICAL INTERFACES 
3.1A.7A.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY 
3.1A.7A.7.1 ATTACH STRONGBACK TO PAYLOAD 
3.1A.7A.7.2 LOAD PAYLOAD INTO CANISTER 
3.1 A. 7 A. 7. 3 REMOVE STRONGBACK 
3.1A.7A.7.4 CLOSE CANISTER 

3.1A.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
3.1A.7A.7.G UNLOAD CANISTER 
3.1A.7A.a ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

3.1A,7A,8.1 attach STRONGBACK TO PAYLOAD 
3.1A.7A.B.2 INSTALL PAYLOAD IN ORBITER 
3.1A.7A.B.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.1A.7A.B.4 CHECK ELECTRICAL INTERFACES 
3.1A.7A.B5 REMOVE STRONGBACK 
3.1A,7A.B.6 CLOSE-OUT PAYLOAD BAY 

3.1A.7A.B.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
3.1A.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD) 


The Integration attitude of the TMS will depend upon the payload carried by 
the TMS. Vertical Integration will be used for a vertical payload. 


3. 1A.7B. 1 UNPACKING 

3.1A.7B.2 PERFORM NECESSARY REASSEMBLY 
3.1A.7B.3 INTEGRATED SYSTEMS TESTS 

3.1A.7B.3.1 verify POWER SYSTEM FUNCTION 
3.1A.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.1A.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.1A.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.1A.7B.3.5 MISSION SEOUENCE SIMULATION 
3.1A.7B.4 TRANSFER TO VERTICAL PROCESSING FACILITY 
3.1A.7B.4.1 LOAD PAYLOAD INTO CONTAINER 

3.1A.7B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 
3 1A.7B.4.3 UNLOAD CONTAINER 
3.1A.7B.5 INTEGRATE TMS WITH PAYLOAD 
3.1A.7B.6 PERFORM INTERFACES CHECK 

3.1A.7B.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.1A.7B.6.2 CHECK ELECTRICAL INTERFACES 
3.1A.7B.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.1A.7B.G.4 CHECK ELECTRICAL INTERFACES 
3.1A.7B.7 transfer PAYLOAD TO LAUNCH PAD 

3.1A.7B.7.1 LOAD PAYLOAD INTO CANISTER 
3.1A.7B.7.2 transport TO ROTATING SERVICE STRUCTURE 
3.1A.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 
3.1A.7B.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
3.1A.7B.7 5 REMOVE CANISTER 
3.1A.7B.B ORBITER/PAYLOAD INTEGRATION (VERTICAL) 

3.1A.7B.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 
3.1A.7B.B.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 
3.1A.7B,8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.1A.7B.8.4 CHECK ELECTRICAL INTERFACES 
3.1A.7B.8.5 CLOSE-OUT PAYLOAD BAY 

3.1A.7B.B.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
3.1 A. 8 COUNTDOWN AND LAUNCH 
3.1A.9 ORBITAL DEPLOYMENT AND CHECKOUT 

3.1A.9.1 SHUTTLE ATTAINS DELIVERY ORBIT 
3.1A.9.2 TESTS OF ATTACHED PAYLOAD 


In these sequences, the "payload" Is the TMS mated with Its payload. 
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3.1A.9.2.1 POWER SUBSYSTEM CHECKOUT 

3.1A.9.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
3.1A.9.3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 
3.1A.9.3.1 OPEN PAYLOAD BAY DOORS 
3. 1A.9.3.2 ACTIVATE RMS 

3.1A.9.3.3 LOCATE GRASPING FIXTURE ON TARGET 
3 IA.9.3,4 MOVE RMS TO FIXTURE 
3. 1A.9.3.5 GRASP FIXTURE 
3.1A.9.3.6 RELEASE PAYLOAD RESTRAINTS 
3.1A.9.3.7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 
3.1A.9.4 SEPARATION OF PAYLOAD FROM ORBITER 
3.1A.9.4.1 RMS RELEASES PAYLOAD 
3.1A.9.4.2 SECURE RMS IN PAYLOAD BAY 
3.1 A. 9. 5 OPERATIONAL CHECKOUT 


Checkout of the TMS on-orbit. 


3.1A.9.5.1 ACTIVATE TMS SUBSYSTEMS 

3.1A.9.5.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
3.1A.9.5.3 POWER SUBSYSTEM CHECKOUT 
3.1 A. 9. 5. 4 THERMAL SUBSYSTEM CHECKOUT 
3.1A.9.5.S structural SUBSYSTEM CHECKOUT 
3.1A.9.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT 
3.1A.9.5.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 
3.1A.9.5.8 PROPULSION SUBSYSTEM CHECKOUT 
3.1A.9.5.9 CONSUMABLES LEVELS CHECKOUT 
3.1A 9.6 IDENTIFY DEFECTIVE COMPONENT 

3.1A.9.6.1 DETERMINE ANOMALOUS DATA 
3.1A.9.6.2 FORM HYPOTHESIS FOR PROBLEM 
3.1A.9.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
3.1A.9.6.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.1A.9.6.5 IDENTIFY FAULTY COMPONENT 
3.1A.9.7 IDENTIFY DEFECTIVE SOFTWARE 

3.1A.9.7.1 COMPARE MEASURED DATA TO MODEL 
3.1A.9.7.2 DETERMINE ANOMALOUS DATA 
3.1A.9.7.3 FORM HYPOTHESIS FOR PROBLEM 
3.1A.9.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
3.1A.9.7.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.1A.9.8A COMPONENT FAILURE RECOVERY (REDUNDANCY) 
3.1A.9.BA.1 SWITCH OUT FAULTY COMPONENT 
3.1A.9.8A.2 SWITCH IN REDUNDANT COMPONENT 
3.1A.9.8A.3 MAKE DIAGNOSTIC CHECKS 
3.1A.9.8A.4 UPDATE SPACECRAFT MODEL 
3.1A.9.8B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 


This on-board repair might be done by a TMS manipulator, 


3.1A.9.8B.1 DEFINE ACCESS SEQUENCE 
3.1A.9.8B.2 LOCATE ACCESS PANEL 

3.1A.9.BB.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
3,1A.9.8B.4 OPEN ACCESS PANEL 

3.1A.9.8B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
3.1A.9.8B.6 REMOVE COMPONENT 
3.1A.9.8B.7 STORE COMPONENT 
3,1A.9.8B.8 LOCATE NEW COMPONENT 
3.1A.9.8B.9 POSITION AND CONNECT NEW COMPONENT 
3.1A.9.8B.10 ADJUST COMPONENT 
3.1A.9.8B.11 MAKE DIAGNOSTIC CHECKS 
3.1A.9.8B.12 CLOSE ACCESS PANEL 
3. 1A. 9. SB. 13 STOW REPAIR ECUIPMENT 
3.1A.9.8B.14 UPDATE SPACECRAFT MODEL 
3.1A.9.9 SOFTWARE FAILURE RECOVERY 

3.1A.9.9.1 DETERMINE CORRECTION ALGORITHM 
3.1 A. 9. 9. 2 DATA/COMMAND ENCODING 
3.1A.9.9.3 DATA/COMMAND TRANSMISSION 
3.1A.9.9.4 COMPUTER FUNCTION CHECKS 
3.1A.9.10 ORBITAL TRANSFER (OF TM5/5PACECRAFT ) 

3. 1A. 9. 10.1 INITIALIZE GUIDANCE SYSTEM 

3. 1A. 9. 10.2 DETERMINE CURRENT ORBITAL PARAMETERS 


Current orbital parameters might be determined from Orbiter telemetry. 
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a GPS reclovap, or Internal memory. 


3. 1A. 9. 10.3 DETERMINE DESIRED DRBITAL PARAMETERS 
3. 1A. 9. 10.4 CHOOSE OPTIMAL TRAJECTORY 


This would likely be done before the flight, but could be updated once the 
TMS was on-orb1t. 


3. 1A. 9. 10.5 DETERMINE CURRENT ATTITUDE 
3.1A.9.10.S DETERMINE DESIRED ATTITUDE 
3. 1A. 9. 10.7 ROTATE SPACECRAFT 
3. 1A. 9. 10.8 FIRE THRUSTERS 
3.1 A. 9. 11 UNDOCK TMS FROM PAYLOAD 

3. 1A. 9. 11.1 RELEASE DOCKING LATCH 
3. 1A. 9. 11.2 RETRACT DOCKING MECHANISM 

3.1 A. 9. 11.3 MOVE AWAY FROM PAYLOAD 


This would have to be done carefully, to fivold thruster Impingement upon 
the spacocratt being deployed. 


3.1A.9.12 OPERATIONAL CHECKOUT AND ATTITUDE ADJUSTMENT OF SPACECRAFT 


This Is probably not a TMS function, although the TMS could be used as a 
telemetry link. 


3.1A.10 STATUS MONITORING AND RESOURCE ALLOCATION 


This sequence Is performed In parallel with other on-orbit operational 
sequences . 


3.1A.10.1 TEMPERATURE MANAGEMENT 

3. 1A. 10. 1.1 MEASURE COMPONENT TEMPERATURES 
3. 1A. 10. 1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 
3. 1A. 10. 1.3 ADJUST COOLING/HEATING SYSTEMS 

3.1 A. 10.2 POWER MANAGEMENT 

3. 1A. 10.2.1 MEASURE CURRENTS AND VDLTAGES 

3. 1A. 10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

3.1 A. 10.2.3 ADJUST CURRENTS AND VOLTAGES 
3. 1A. 10.2.4 MONITOR BATTERIES 

3.1 A. 10.3 DATA/COMMAND PROCESSING 

3. 1A. 10.3.1 SHORT-TERM MEMORY STORAGE 
3. 1A. 10.3.2 LONG-TERM MEMORY STORAGE 
3. 1A. 10.3.3 DATA/COMMAND ENCODING 
3. 1A. 10.3.4 DATA/COMMAND DECODING 
3. 1A. 10.3.5 NUMERICAL COMPUTATION 
3. 1A. 10.3.6 LOGIC OPERATIONS 
3. 1A. 10.3.7 COMPUTER LOAD SCHEDULING 
3.1A.10.3.8 COMPUTER FUNCTION CHECKS 
3.1A.10.4 consumables MANAGEMENT 

3. 1A. 10.4.1 MONITOR PROPELLANT SUPPLIES 

3. 1A. 10 4.2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
3. 1A. 10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
3.1A.10.5 STRUCTURAL MANAGEMENT 

3. 1A. 10.5.1 MEASURE STRAINS IN STRUCTURE 

3. 1A. 10.5,2 COMPUTE STRESS AND VIBRATION PARAMETERS 

3. 1A. 10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 
3. 1A. 10.5.4 APPLY COMPENSATING FORCES 
3. 1A. 10.5.5 APPLY VIBRATIulJ DAMPING 
3.1A.10.6 HAZARD AVOIDANCE 

3. 1A. 10.6.1 AVOID TANK OVERPRESSURES 

3. 1A. 10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 

3. 1A. 10.6.3 MAINTAIN COMMUNICATION LINKS 

3. 1A. 10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 
3. 1A. 10.6.5 TRACK NEARBY OBJECTS 
3. 1A. 10.6.6 AVOID CONFLICTING OBJECTS 
3.1A.10.7 OPTIMAL SEQUENCING 

3. 1A. 10.7.1 UPDATE SPACECRAFT MODEL 

3. 1A. 10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3. 1A. 10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

3. 1A. 10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MliSION PROFILE 

3. 1A. 10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

3. 1A. 10.7.6 COMPUTE OPTIMAL SEQUENCING 
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3.1A.10.8 IDENTIFY DEFECTIVE COMPONENT 

3. 1A. 10.8.1 determine anoma:.uus data 
3. 1A. 10.8,2 FORM HYPOTHESIS FOR PROBLEM 
3. 1A. 10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
3. 1A. 10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
3. 1A. 10.8,5 identify FAULTY COMPONENT 
3.1A.10.9 identify DEFECTIVE SOFTWARE 

3, 1A. 10.9,1 COMPARE MEASURED DATA TO MODEL 
3. 1A. 10.9.2 DETERMINE ANOMALOUS DATA 
3. 1A. 10.9.3 FORM HYPOTHESIS FOR PROBLEM 
3, 1A. 10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
3. 1A. 10,9.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.1A.10.10A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3. 1A, 10. 10A. 1 SWITCH OUT FAULTY COMPONENT 
3. 1A, 10. 10A.2 SWITCH IN REDUNDANT COMPONENT 
3. 1A. 10. 10A.3 MAKE DIAGNOSTIC CHECKS 
3. 1A. 10. 10A.4 UPDATE SPACECRAFT MODEL 
3.1A.10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3. 1A. 10. 10B. 1 DEFINE ACCESS SEOUENCE 
3. 1A. 10. 10B.2 LOCATE ACCESS PANEL 

3. 1A . 10. 10B .3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
3. 1A. 10. 10B.4 OPEN ACCESS PANEL 

3. 1A. 10. 10B.5 OBjERVE/LOCATE DEFECTIVE COMPONENT 
3. 1A, 10. 10B.6 REMOVE COMPONENT 
3. 1A. 10. 10B.7 STORE COMPONENT 
3. 1A. 10. 10B.8 LOCATE NEW COMPONENT 
3. 1A. 10. 10B.9 POSITION AND CONNECT NEW COMPONENT 
3. 1A. 10. 10B. 10 ADJUST COMPONENT 
3, 1A. 10. 10B, 11 MAKE DIAGNOSTIC CHECKS 
3 . 1A . 10. 10B . 12 CLOSE ACCESS PANEL 
3.1A.10 10B.13 STOW REPAIR EQUIPMENT 
3. 1A. 10. 10B. 14 UPDATE SPACECRAFT MODEL 
3.1A.10.11 SOFTWARE FAILURE RECOVERY 

3. 1A. 10. 11.1 DETERMINE CORRECTION ALGORITHM 
3. 1A. 10. 11.2 DATA/COMMAND ENCODING 
3. 1A. 10. 11.3 DATA/COMMAND TRANSMISSION 
3. 1A. 10. 11.4 COMPUTER FUNCTION CHECKS 
3.1A.10.12 REPORT SYSTEM STATUS 

3. 1A. 10. 12.1 DATA/COMMAND ENCODING 
3. 1A. 10. 12.2 DATA/CLMMAND TRANSMISSION 
3. 1A. 10. 12.3 DATA/COMMAND DECODING 
3. 1A. 10. 12.4 DATA/COMMAND DISPLAY 
3.1A.11 RENDEZVOUS WITH ORBITER 

3.1A.11.1 ORBITAL TRANSFER (OF TMS ) 

3. 1A. 11. 1.1 INITIALIZE GUIDANCE SYSTEM 
3. 1A. 11. 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
3. 1A. 11. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
3. 1A. 11. 1.4 CHOOSE optimal TRAJECTORY 
3. 1A. 11. 1.5 DETERMINE CURRENT ATTITUDE 
3. 1A. 11. 1.6 determine DESIRED ATTITUDE 
3. 1A. 11. 1.7 ROTATE SPACECRAFT 
3. 1A. 1 1 , 1 .8 FIRE THRUSTERS 
3.1 A. 11,2 SHUTDOWN TMS FOR RETRIEVAL 
3.1A.11.2.1 STOW TMS ANTENNA 
3. 1A. 11.2.2 DEACTIVATE TMS SUBSYSTEMS 
3.1A.12 RETRIEVAL BY ORBITER 

3.1A.12.1 ADJUST ORBIT (OF ORBITER) 

3.1A.12.1 1 INITIALIZE GUIDANCE SYSTEM 
3. 1A. 12. 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
3. 1A. 12. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
3. 1A. 12. 1.4 CHOOSE OPTIMAL TRAJECTORY 
3. 1A. 12. 1.5 FIRE THRUSTERS 
3.1A.12.2 ADJUST ATTITUDE (OF ORBITER) 

3. 1A. 12.2.1 DETERMINE CURRENT ATTITUDE 
3 1A. 12.2.2 DETERMINE DESIRED ATTITUDE 

3. 1A. 12.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 
3. 1A. 12.2.4 CHOOSE OPTIMAL TRAJECTORY 
3. 1A. 12.2,5 ROTATE SPACECRAFT 
3.1A.12.3 OPTIMAL CONTROL ALLOCATION 

3. 1A, 12.3.1 UPDATE SPACECRAFT MODEL 

3. 1A. 12.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
3. 1A. 12.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
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3. 1A. 12.3,4 PROJECT CONSUMABLES REOUIRCMENTS FROM MISSION PROFILE 
3. 1A. 12.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
3.1A.12.3.C CHOOSE OPTIMAL CONTROL MODE 
3. 1A. 12.3.7 COMPUTE CONTROL COMMANDS 
3.1A.12.3.B EXECUTE CONTROL COMMANDS 
3.1A.12.4 ORBITER RECOVERY OF TMS 
3.1A 12.4.1 ACTIVATE RMS 

3. 1A. 12.4.2 LOCATE GRASPING FIXTURE ON TARGET 
3.1 A. 12.4.3 MOVE RMS TO FIXTURE 
3. 1A. 12.4.4 GRASP FIXTURE 
3.1A.12.4.S LOCATE CRADLE IN PAYLOAD BAY 
3. 1A. 12.4.6 TRANSLATE PAYLOAD TO CRADLE 
3. 1A. 12.4.7 fasten PAYLOAD RESTRAINTS 
3.1A.12.4.8 RMS RELEASES PAYLOAD 
3. 1A. 12.4.9 SECURE RMS IN PAYLOAD BAY 
3.1A.13 REENTRY AND LANDING 
3.1A.14 POST-FLIGHT OPERATIONS 

3.1 A. 14,1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 
3.1A.14.2 REMOVAL OF PAYLOADS FROM ORBITER 

3. IB SPACECRAFT TRANSFER (RETRIEVAL) 


This Is the retrieval option of the cpacecroft transfer mission. In this 
mission, the TMS Is deployed to retrieve a spacecraft and return It to the 
OrPI tor. 


3. IB. 1 DESIGN 

3. IB. 1.1 DEFINE REQUIREMENTS 
3. IB. 1.2 MISSION ANALYSIS 
3.1B.1.3 PAYLOAD ACCOMODATIONS 
3. IB, 1.4 CREATE FUNCTIONAL LAYOUT 
3. IB, 1.5 FAILURE MODES ANALYSIS 

3. IB. 1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR 
3. IB. 1.7 CREATE MECHANICAL LAYOUT 
3. IB. 1 .8 SAFETY REVIEW 
3. IB. 1.9 DESIGN OF COMPONENTS 
3. IB. 1.10 SOFTWARE DEVELOPMENT 
3. IB. 2 COMPONENT FABRICAflON 

3. IB. 2.1 PROCURE OFF-THE-SHELF COMPONENTS 
3. IB, 2. 2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 
3, IB, 2. 3 PROCURE MANUFACTURING EQUIPMENT 
3. IB, 2, 4 MANUFACTURE COMPONENTS 
3. IB, 3 COMPONENT TEST 

3. IB, 3.1 SET UP TEST FACILITIES 
3. IB. 3. 2 STRUCTURAL LOADS TESTS 
3. IB. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 
3. IB. 3. 4 ANTENNA AND ARRAY DEPLOYMENT TESTS 
3. IB. 3. 5 ELECTRICAL SYSTEMS TESTS 
3. IB. 3, 6 THERMAL AND VACUUM TESTS 
3. 1B.3.7 THRUSTER TESTS 
3. IB. 3. 8 COMPONENT CERTIFICATION 
3. IB. 4 system INTEGRATION 
3. IB. 5 SYSTEM TEST 

3.1B.5.1 POWER SUBSYSTEM TESTS 
3. IB. 5. 2 THERMAL SUBSYSTEM TESTS 
3. IB. 5. 3 STRUCTURE SUBSYSTEM TESTS 
3. IB 5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 
3. IB. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 
3.1B.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS 
3. IB. 5. 7 PROPULSION SUBSYSTEM TESTS 
3. IB. 5. 8 INTEGRATED SYSTEMS TESTS 
3.1B.5.9 FAILURE MODES SIMULATION 
3. IB. 5. 10 SYSTEM CERTIFICATION 
3. IB. 6 SHIPPING TO LAUNCH SITE 

3. IB. 6.1 REMnv: test EQUIPMENT 
3.1B.6.2 PEF .,.1M NECESSARY DISASSEMBLY 
3. 1B.6.3 PAC-: ,'JG 

3. IB. 6. 4 TRANSPORT TO LAUNCH SITE 
3.1B.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD) 
3 . IB . 7A . 1 UNPACKING 

3.1B.7A.2 PERFORM NECESSARY REASSEMBLY 
3.1B.7A.3 INTEGRATED SYSTEMS TESTS 
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3. IB. 7A. 3.1 VERIFY POWER SYSTEM FUNCTION i w 

3.18.7A.3 2 VERIFY COMMAND SYSTEM FUNCTION 
3.1B.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.1B.7A.3.4 verify COMMUNICATIONS SYSTEM FUNCTION 
3.1B.7A.3.5 MISSION SEQUENCE SIMULATION 
3.1B.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 

3. IB. 7A. 4,1 LOAD PAYLOAD INTO CONTAINER 

3.1B.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 

3.1B.7A.4.3 ATTACH STRONGBACK TO PAYLOAD 
3.1B.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
3.1B.7A.5 INTEGRATE TMS WITH PAYLOAD 
3.1B.7A.G PERFORM INTERFACES CHECK 

3. IB. 7A. 6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.1B.7A.6.2 CHECK ELECTRICAL INTERFACES 
3.1B.7A.6.3 CHECK SHUTTLE/PAYLOAO MECHANICAL INTERFACES 
3.1B.7A.6.4 CHECK ELECTRICAL INTERFACES 
3 1B.7A.7 TRANSFER TMS/PAYLOAD TO ORCITER PROCESSING FACILITY 
3.1B.7A.7.1 attach STRONGBACK TO PAYLOAD 
3.1B.7A.7.2 LOAD PAYLOAO INTO CANISTER 
3.1B.7A.7.3 REMOVE STRONGBACK 
3.1B.7A.7.4 CLOSE CANISTER 

3.1B.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
3.1B.7A.7.G UNLOAD CANISTER 
3.1B.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

3. IB. 7A. 8.1 ATTACH STRONGBACK TO PAYLOAD 
3.1B.7A.8.2 INSTALL PAYLOAD IN ORBITER 
3.1B.7A.B.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.1B.7A.8.4 CHECK ELECTRICAL INTERFACES 
3.1B.7A.8,5 REMOVE STRONGBACK 
3.1B.7A.8.G CLOSE-OUT PAYLOAD BAY 

3.1B.7A.8.7 INSTALLATION OF ORBITEP PAYLOAD STATION CONSOLES 
3.1B.7B PAYLOAD INTEGRATION AND CHECKOU"^ (VERTICAL PAYLOAD) 

3. 1B.7B. 1 UNPACKING 

3.1B.7B.2 PERFORM NECESSARY REASSEMBLY 
3.1B.7B.3 INTEGRATED SYSTEMS TESTS 

3. IB. 7B. 3.1 VERIFY POWER SYSTEM FUNCTION 
3.1B.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.1B.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.1B.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.1B.7B.3.S MISSION SEQUENCE SIMULATION 
3.1B.7B.4 TRANSFER TO VERTICAL PROCESSING FACILITY 
3. IB 76. A. 1 LOAD PAYLOAD INTO CONTAINER 

3.18.78.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 
S.1B.7B.4.3 UNLOAD CONTAINER 
3.1B.7B.S INTEGRATE TMS WITH PAYLOAO 
3.1B.7B.6 PERFORM INTERFACES CHECK 

3.1B.7B.G.1 CHECK TMS/PAYLOAD MECHANL '.L INTERFACES 
3.1B.7B.G.2 CHECK ELECTRICAL INTERFACES 

3.18.7B.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3 1B.7B.6.4 CHECK ELECTRICAL INTERFACES 
3.1B.7B.7 TRANSFER PAYLOAD TO LAUNCH PAD 

3. IB. 7B. 7.1 LOAD PAYLOAD INTO CANISTER 
3.1B.7B.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE 
3.1B.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STiTUCTURE 
3.1B.7B.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
3.1B.7B.7.5 REMOVE CANISTER 
3.1B.7B.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL) 

3. IB. 7B. 6.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 
3.1B.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 
3.1B.7B.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3. IB. 78. 8. 4 CHECK ELECTRICAL INTERFACES 
3.1B.7B.8 5 CLOSE-OUT PAYLOAD BAV 

3. IB. 7B. 8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
3. IB. a COUNTDOWN AND LAUNCH 
3. IB. 9 ORBITAL DEPLOYMENT AND CHECKOUT 

3. IB. 9.1 SHUTTLE ATTAINS DELIVERY ORBIT 
3. IB. 9. 2 TESTS OF ATTACHED PAYLOAD 

3. IB. 9. 2.1 POWER SUBSYSTEM CHECKOUT 

3.1B.9.2.2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
3. IB. 9. 3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 
3.1B.9.3.1 OPEN PAYLOAD BAY DOORS 
3. IB. 9. 3. 2 ACTIVATE RMS 
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3. IB. 0.3. 3 LOeATE GRASPING FIXTURE ON TARGET 
3. IB. 0.3 4 MOVE RMS TO FIXTURE 
3. IB. 0.3. 5 GRASP FIXTURE 
3.1B.0.3.G REUEA5E PAVLOAO RESTRAINTS 
3. IB. 9. 3 7 translate PAYLOAD OUT OF PAYLOAD BAY 
3. IB. 9. 4 SEPARATION OF PAYLOAD FROM ORBITER 
3. IB. 9. 4.1 RMS RELEASES PAYLOAD 
3. IB. 9. 4, 2 SECURE RMS IN PAYLOAD BAY 
3.1B.0.D OPERATIONAL CHECKOUT 

3.1B.0.D.1 ACTIVATE TMS SUBSYSTEMS 

3.1B.9 5 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
3. IB. 9. 5. 3 POWER SUBSYSTEM* CHECKOUT 
3.1B.9.5.4 thermal SUBSYSTEM CHECKOUT 
3. IB. 9. 5. 5 STRUCTURAL SUBSYSTEM CHECKOUT 
3. IB. 9. 5. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 
3.1B.9.B.7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 
3.1B.9.S.B PROPULSION SUBSYSTEM CHECKOUT 
3.1B.9.5.9 CONSUMABLES LEVELS CHECKOUT 
3. IB. 9. 6 IDENTIFY DEFECTIVE COMPONENT 

3.1B.9.G.1 DETERMINE ANOMALOUS DATA 
3. IB. 9. 6. 2 FORM HYPOTHESIS FOR PROBLEM 
3.1B.9.6.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
3.1B.9.6.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
3. 1B 8,6.5 identify FAULTY COMPONENT 
3. IB, 9. 7 IDENTIFY DEFECTIVE SOFTWARE 

3. IB. 9. 7.1 COMPARE MEASURED DATA TO MODEL 
3. IB. 9. 7. 2 riTERMINE ANOMALOUS DATA 
3. IB. 9. 7. 3 FORM HYPOTHESIS FOR PROBLEM 
3.1B.9.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
3. IB. 9. 7, 5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.1B.9.8A COMPONENT FAILURE RECOVERY (REDUNDANCY) 
3.1B.9,8A,1 SWITCH OUT FAULTY COMPONENT 
3.1B.9.8A.2 SWITCH IN REDUNDANT COMPONENT 
3.1B.9.8A.3 MAKE DIAGNOSTIC CHECKS 
3.1B.9.8A4 UPDATE SPACECRAFT MODEL 
3.1B.9.8B COMPONENT FAILURE RECOVERY (DN-BDARD REPAIR) 
3.1B.9.BB 1 DEFINE ACCESS SEQUENCE 
3. IB, 9, SB. 2 LOCATE ACCESS PANEL 

3.1B.9.BB.3 transfer REPAIR EQUIPMENT TO REPAIR SITE 
3.1B.9.8B.4 OPEN ACCESS PANEL 

3.1B.9.8B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
3.1B.9.8B.6 REMOVE COMPONENT 
3.1B.9.8B.7 STORE COMPONENT 
3.1B.9.8B.8 LOCATE NEW COMPONENT 
3.1B.9.8B.9 POSITION AND CONNECT NEW COMPONENT 
3. IB. 9. 88. 10 ADJUST COMPONENT 
3. IB. 9 8B.11 MAKE DIAGNOSTIC CHECKS 
3, IB. 9, 8B 12 CLOSE ACCESS PANEL 
3. IB. 9 8B.13 STOW REPAIR EQUIPMENT 
3. IB, 9. 8B. 14 UPDATE SPACECRAFT MODEL 
3. IB. 9. 9 SOFTWARE FAILURE RECOVERY 

3. IB. 9. 9,1 DETERMINE CORRECTION ALGORITHM 
3. IB. 9. 9. 2 DATA/COMMAND ENCODING 
3.1B.9.9.3 DATA/COMMAND TRANSMISSION 
3. IB. 9. 9. 4 COMPUTER FUNCTION CHECKS 
3. IB. 9. 10 ORBITAL TRANSFER 


The TMS orbital transfer hero is from tho Orbitor to the vincinity of the 
spacecraft to be retrieved. 


3. IB, 9. 10.1 INITIALIZE GUIDANCE SYSTEM 
3. IB. 9. 10.2 DETERMINE CURRENT ORBITAL PARAMETERS 
3. IB. 9, 10.3 DETERMINE DESIRED ORBITAL PARAMETERS 
3. IB. 9. 10.4 CHOOSE OPTIMAL TRAJECTORY 
3. IB. 9. 10.5 DETERMINE CURRENT ATTITUDE 
3. IB. 9. 10.6 DETERMINE DESIRED ATTITUDE 
3. IB. 9. 10.7 ROTATE SPACECRAFT 
3. 1B. 9. 10.8 FIRE THRUSTERS 
3.18.10 STATUS MONITORING AND RESOURCE ALLOCATION 
3. IB. 10.1 TEMPERATURE MANAGEMENT 

3. IB, 10. 1.1 MEASURE COMPONENT TEMPERATURES 

3. 1B. 10. 1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 
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3. 1B. 10. 1.3 ADJUST COOLING/HEATING SVSTEM5 
3. IB. 10.2 POWER MANAGEMENT 

3. IB. 10.2.1 MEASURE CURRENTS AND VOLTAGES 

3. IB. 10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 
3. IB. 10.2.3 ADJUST CURRENTS AND VOLTAGES 
3. IB. 10.2.4 MONITOR BATTERIES 
3. IB. 10.3 DATA/COMMAND PROCESSING 

3. IB. 10.3.1 SHORT-TERM MEMORY STORAGE 
3. IB. 10.3.2 LONG-TERM MEMORY STORAGE 
3. IB. 10.3.3 OATA/COMMAND ENCODING 
3. IB. 10.3.4 DATA/COMMANO DECODING 
3. IB. 10.3.5 NUMERICAL COMPUTATION 
3. IB. 10.3.6 LOGIC OPERATIONS 
3. IB. 10.3.7 COMPUTER LOAD SCHEDULING 
3. IB. 10.3.8 COMPUTER FUNCTION CHECKS 
3. IB. 10,4 CONSUMABLES MANAGEMENT 

3. IB. 1C. 4.1 MONITOR PROPELLANT SUPPLIES 

3.1B.l’0.4.2 PROJECT CONSUMABLES REQUIREMENTS FRwM MISSION PROFILE 
3. 1B. 10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
3. IB. 10.5 STRUCTURAL MANAGEMENT 

3. IB. 10.5.1 MEASURE STRAINS IN STRUCTURE 

3. IB. 10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS 

3. IB. 10.5.3 COMPARE 'ITRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 
3. IB. 10.5.4 APPLY CO:‘PENSATING FORCES 
3. IB. 10.5.5 APPLV VIBRATION DAMPING 
3. IB. 10.6 HAZARD AVOIDANCE 

3. IB. 10.6.1 AVOID TANK OVERPRESSURES 

3. IB. 10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 

3. IB. 10.6.3 MAINTAIN COMMUNICATION LINKS 

3. 1B. 10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 
3. IB. 10.6.5 TRACK NEARBY OBJECTS 
3. IB. 10.6.6 AVOID CONFLICTING OBJECTS 
3. IB. 10.7 OPTIMAL SEQUENCING 

3. 1B. 10.7.1 UPDATE SPACECRAFT MODEL 

3. IB. 10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
3. IB. 10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
3, IB. 10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
3, IB. 10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
3. IB. 10.7.6 COMPUTE OPTIMAL SEQUENCING 
3.18.10.8 IDENTIFY DEFECTIVE COMPONENT 

3. IB. 10.8.1 DETERMINE ANOMALOUS DATA 
3. IB. 10.8.2 FORM HYPOTHESIS FOR PROBLEM 
3. IB. 10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
3. IB. 10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
3. IB. 10.8.5 IDENTIFY FAULTY COMPONENT 
3. IB. 10.9 IDENTIFY DEFECTIVE SOFTWARE 

3. IB. 10.9.1 COMPARE MEASURED DATA TO MODEL 
3. IB. 10,9.2 DETERMINE ANOMALOUS DATA 
3. IB. 10.9.3 FORM HYPOTHESIS FOR PROBLEM 
3. IB. 10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
3. IB. 10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.1B.10.10A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3. IB. 10. 10A. 1 SWITCH OUT FAULTY COMPONENT 
3 . IB . 10. 10A . 2 SWITCH IN REDUNDANT COMPONENT 
3 . IB . 10. 10A . 3 MAKE DIAGNOSTIC CHECKS 
3. IB. 10. 10A.4 UPDATE SPACECRAFT MODEL 
3.1B.10.10B COMPONENT FAILURE RECOVERY (ON-BDARO REPAIR) 

3 . IB . 10. 10B , 1 DEFINE ACCESS SEQUENCE 
3. IB. 10. 10B.2 LOCATE ACCESS PANEL 

3. IB. 10. 10B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
3. IB. 10. 10B.4 OPEN ACCESS PANEL 

3. IB. 10. 10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
3.1B.10.10B 6 REMOVE COMPONENT 
3 1B.10.10B.7 STORE COMPONENT 
3. IB. 10. 10B.8 LOCATE NEW COMPONENT 
3. IP. 10. 10B.9 POSITION AND CONNECT NEW COMPONENT 
3 . IB . 10. 10B . 10 ADJUST COMPONENT 
3.18,10,108.11 MAKE DIAGNOSTIC CHECKS 
3. IB. 10. 10B. 12 CLOSE ACCESS PANEL 
3 . 1B . 10. 10B . 13 STOW REPAIR EQUIPMENT 
3. IB. 10. 10B. 14 UPDATE SPACECRAFT MODEL 
3.1B.10.11 SOFTWARE FAILURE RECOVERY 
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3. IB. 10. 11 . 1 DETERMINE CORRECTION ALGORITHM 
Ur PUUt(.j ..,.11 u V 3. IB. 10. 11.2 DATA/COMMAND ENCODING 

3. IB. 10. 11.3 DATA/COMMANO TRANSMISSION 
3. IB. 10. 11.4 COMPUTER FUNCTION CHECKS 
3. IB. 10. 12 REPORT SYSTEM STATUS 

3. IB. 10. 12.1 DATA/COMMAND ENCODING 
3. IB. 10. 12.2 DATA/COMMAND TRANSMISSION 
3. IB. 10. 12.3 DATA/COMMAND DECODING 
3. IB. 10. 12.4 OATA/COMMAHD DISPLAY 
3. IB. 11 DOCK WITH SPACECRATT 
3. IB. 1 1 . 1 ADJUST ORBIT 

3. IB. 11. 1.1 INITIALIZE GUIDANCE SYSTEM 
3. IB. 11. 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 
3. IB. 11. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
3. IB. 11. 1.4 CHOOSE OPTIMAL TRAJECTORY 
3 . IB. 1 1 . 1 .5 FIRE THRUSTERS 
3. IB. 11. 2 ADJUST ATTITUDE 

3. IB. 11. 2.1 DETERMINE CURRENT ATTITUDE 
3. IB. 11. 2. 2 DETERMINE DESIRED ATTITUDE 

3. IB. 11.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 
3. IB. 11.2.4 CHOOSE OPTIMAL TRAJECTORY 
3. IB. 11.2.5 ROTATE SPACECRAFT 
3. IB. 11.3 OPTIMAL CONTROL ALLOCATION 

3. IB. 11. 3.1 UPDATE SPACECRAFT MODEL 

3. IB. 11. 3. 2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
3. IB. 11. 3. 3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
3. IB. 11. 3. 4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
3. IB. 11. 3. 5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
3. IB. 11. 3. 6 CHOOSE OPTIMAL CONTROL MODE 
3. IB. 11. 3. 7 COMPUTE CONTROL COMMANOS 
3. IB. 11. 3. C EXECUTE CONTROL COMMANOS 
3. IB. 11.4 DOCK TMS TO SPACECRAFT 

3. IB. 11. 4 1 LOCATE DOCKING TARGET 
3. IB. 11. 4., EXTEND DOCKING MECHANISM 
3. IB. 11. 4. 3 FASTEN DOCKING LATCH 
3. IB. 12 DIAGNOSTIC CHECK (OF SPACECRAFT) 

3. IB. 12.1 IDENTIFY DEFECTIVE COMPONENT 

3. IB. 12. 1.1 DETERMINE ANOMALOUS DATA 
3. IB. 12. 1.2 FORM HYPOTHESIS FOR PROBLEM 

t 3. IB. 12. 1.3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. IB. 12. 1.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
3. IB. 12. 1.5 IDENTIFY FAULTY COMPONENT 
3. IB. 12.2 IDENTIFY DEFECTIVE SOFTWARE 

3. 1E. 12.2.1 COMPARE MEA.SURED DATA TO MODEL 
3. IB. 12.2.2 DETERMINE ANOMALOUS DATA 
3. IB. 12.2.3 FORM HYPOTHESIS FOR PROBLEM 
3. IB. 12.2.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
3. IB. 12.2.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3. IB. 13 RENDEZVOUS WITH OROITER 

3. IB. 13.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 

3. 1B. 13. 1.1 INITIALIZE GUIDANCE SYSTEM 

3. IB. 13. 1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3. 1B. 13. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3. IB. 13. 1.4 CHOOSE OPTIMAL FRAJECTORY 

3. IB. 13. 1.5 DETERMINE CURRENT ATTITUDE 

3. IB 13.1.6 DETERMINE DESIRED ATTITUDE 

3.16.13.1.7 ROTATE SPACECRAFT 

3.16.13.1.8 FIRE THRUSTERS 

3.16,13.2 SHUTDOWN TMS FOR RETRIEVAL 

3.16.13.2.1 STOW TMS ANTENNA 

3.16.13.2.2 DEACTIVATE TMS SU6SYSTEMS 
3. IB. 14 RETRIEVAL BY ORBITER (OF TMS/SATEI-LITE ) 

3.16.14.1 ADJUST ORBIT (OF ORBITER) 

3. IB. 14. 1.1 INITIALIZE GUIDANCE SYSTEM 

3. IB. 14. 1,2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.16.14.1.3 DETERMINE DESIRED OJBITAL PARAMETERS 

3.18.14.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.16.14.1.5 FIRE THRUSTERS 

3.16.14.2 ADJUST ATTITUDE (OF ORBITER) 

3. IB. 14.2.1 DETERMINE CURRENT ATTITUDE 

3.16,14.2.2 DETERMINE DESIRED ATTITUDE 

3. IB. 14.2.3 DETERMINE NEW CONFIGURATION f OR SPACECRAFT COMPONENTS 
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5. IB. 14.2.4 CHOOSE OPTIMAL TRAJECTORY 
3.1B.14.2.B rotate spacecraft 
3.1B.14.3 optimal CONTROL ALLOCATION 

3. 1B. 14. 3.1 UPDATE SPACECRAFT MODEL 

3. 1B. 14.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
3. IB. 14.3.3 ESTIMATE RISKS FROM DESIPF.D FUNCTIONS 
3. IB. 14.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
3. IB. 14.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
3. IB. 14.3.6 CHOOSE OPTIMAL CONTROL MODE 
3. IB. 14.3.7 COMPUTE CONTROL COMMANDS 
3.1B.14.3.B EXECUTE CONTROL COMMANDS 
3.1B.14.4 ORBITER RECOVERY OF TMS 
3. 1B. 14.4. 1 activate RMS 

3. IB. 14.4.2 LOCATE GRASPING FIXTURE ON TARGET 
3. IB. 14.4.3 MOVE RMS TO FIXTURE 
3. IB. 14. 4. A GRASP FIXTURE 
3. 1B. 14.4.5 LOCATE CRADLE IN PAYLOAD BAY 
3. 1B. 14.4.6 TRANSLATE PAYLOAD TO CRADLE 
3. IB. 14.4.7 FASTEN '^AYLOAD RESTRAINTS 

3,18.14.4.8 RMS RE ASES PAYLOAD 
3. IB. 14.4,9 SECURE RMS IN PAYLOAD BAY 
3. IB. 15 REENTRY AND LANDING 
3. IB. 16 POST-FLIGHT OPERATIONS 

3.1B.16.1 SAFING OF ORBITER AND HA2ARDOUS PAYLOADS 
3.1B.16.2 REMOVAL OF PAYLOADS FRDM ORBITER 

3,2 SERVICING. MAINTAINANCE AND REPAIR 


This mission uses the TMS to service a spacecraft on-orblt. A repair kit 
may be carried by the TMS for this mission. The TMS is deployed from the 
Orbiter, transfers to the spacecraft, docks and repairs the spacecraft, and 
then returns to the Orbiter. 


3.2.1 DESIGN 

3.2.1. 1 DEFINE REQUIREMENTS 

3.2. 1 .2 MISSION ANALYSIS 

3.2. 1.3 PAYLOAD ACCOMODATIONS 

3. 2. 1.4 CREATE FUNCTIONAL LAYOUT 

3.2. 1.5 FAILURE MODES ANALYSIS 

3. 2. 1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR 

3.2. 1.7 CREATE MECHANICAL LAYOUT 

3.2. 1 .8 SAFETY REVIEW 

3.2. 1.9 DESIGN OF COMPONENTS 

3.2.1.10 SOFTWARE DEVELOPMENT 

3.2.2 'OMPONENT FABRICATION 

3.2.2. 1 PROCURE OFF-THE-SHELF COMPONENTS 

3. 2. 2. 2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

3. 2. 2. 3 PROCURE MANUFACTURING EQUIPMENT 

3. 2. 2. 4 MANUFACTURE COMPONENTS 

3.2.3 COMPONENT TEST 

3.2.3. 1 SET UP TEST FACILITIES 

3. 2. 3. 2 STRUCTURAL LOADS TESTS 

3. 2. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 

3. 2. 3. 4 antenna and ARRAY DEPLOYMENT TESTS 

3. 2. 3. 5 ELECTRICAL SYSTEMS TESTS 

3. 2. 3. 6 THERMAL AND VACUUM TESTS 

3. 2. 3. 7 THRUSTER TESTS 

3.2 3.8 COMPONENT CERTIFICATION 

3.2.4 SYETEM INTEGRATION 

3.2.5 SYSTEM TEST 

3.2.5. 1 POWER SUBSYSTEM TESTS 

3.2.5. 2 THERMAL SUBSYSTEM TESTS 

3. 2. 5. 3 STRUCTURE SUBSYSTEM TESTS 

3. 2. 5. 4 INFORMATION PROCESSING SUBSYSTEM TESTS 

3. 2. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 

3. 2. 5. 6 ATTITUDE CONTROL SUBSYSTEM TESTS 

3. 2. 5. 7 PROPULSION SUBSYSTEM TESTS 

3. 2. 5. 8 INTEGRATED SYSTEMS TESTS 

3. 2. 5. 9 FAILURE MODES SIMULATION 

3.2.5.10 SYSTEM CERTI FICATIOf' 

3.2.6 SHIPPING TO LAUNCH SITE 
3.2.6. 1 REMOVE TEST EQUIPMENT 


2A. 58 



'.-r ' ^ B 

OF (.j!jAt.lTY 

3. 2. 6. 2 PERFORM NECESSARY DISASSEMBLY 

3. 2. 6. 3 PACKING 

3. 2. 6. 4 TRANSPORT TO LAUNCH SITE 

3.2.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD) 
3.2.7A, 1 unpacking 

3.2.7A.2 PERFORM NECESSARY REASSEMBLY 
3,2,7A.3 INTEGRATED SYSTEMS TESTS 

3.2.7A3.1 VERIFY POWER SYSTEM FUNCTION 
3.2.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.2.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.2.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.2.7A.3.5 MISSION SEQUENCE SIMULATION 
3.2.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG, 
3.2.7A.4.1 LOAD PAYLOAD INTO CONTAINER 
3.2.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
3.2.7A.4.3 ATTACH STRONGBACK TO PAYLOAD 
3.2.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
3.2.7A.5 INTEGRATE TMS WITH PAYLOAD 


For this mtBSlon the paylond will be a servicing kit. 


3.2.7A.6 PERFORM INTERFACES CHECK 

3.2.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.2.7A.6 2 CHECK ELECTRICAL INTERFACES 
3.2.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3,2.7A.6,4 CHECK ELECTRICAL INTERFACES 
3.2.7A.7 TRANSFER TMS/PAYLOAD TO ORBITER PROCESSING FACILITY 
3.2.7A.7.1 ATTACH STRONGBACK TO PAYLOAD 
3.2.7A.7.2 LOAD PAYLOAD INTO CANISTER 
3.2.7A.73 REMOVE STRONGBACK 
3.2.7A.74 CLOSE CANISTER 

3.2.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 

3.2 7A.7 6 UNLOAD CANISTER 
3.2.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

3.2.7A.e.1 ATTACH STRONGBACK TO PAYLOAD 
3.2.7A.8.2 INSTALL PAYLOAD IN ORBITER 
3.2.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.2.7A,e.4 CHECK ELECTRICAL INTERFACES 
3.2.7A.8.5 REMOVE STRONGBACK 
3.2.7A,B6 CLOSE-OUT PAYLOAD BAY 

3.2.7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
3.2.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD) 

3.2.7B. 1 UNPACKING 

3.2.7B.2 PERFORM NECESSARY REASSEMBLY 
3.2.7B.3 INTEGRATED SYSTEMS TESTS 

3.2.7B.3.1 VERIFY POWER SYSTEM FUNCTION 
3.2.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.2.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.2.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 

3.2 7B.3.5 MISSION SEQUENCE SIMULATION 
3.2.7B.4 TRANSFER TO VERTICAL PROCESSING FACILITY 
3.2.7B.4.1 LOAD PAYLOAD INTO CONTAINER 

3.2.7B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 

3,2.78.4 3 UNLOAD CONTAINER 
3.2.7B.5 INTEGRATE TMS WITH PAYLOAD 
3.2.7B.6 PERFORM INTERFACES CHECK 

3.2.7B.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.2.7B 6 2 CHECK ELECTRICAL INTERFACES 

3.2.78.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.2.7B.G.4 CHECK ELECTRICAL INTERFACES 
3.2.7B.7 TRANSFER PAYLOAD TO LAUNCH PAD 

3.2.7B.7.1 LOAD PAYLOAD INTO CANISTER 
3.2.7B.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE 
3.2.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 
3.2.7B.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
3.2.7B.7.5 REMOVE CANISTER 
3.2.7B.B ORBITER/PAYLOAD INTEGRATION (VERTICAL) 

3.2.78.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 
3.2.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 
3.2.7B.8.C CONNECT ORBITER/PAYLOAD INTERFACES 

3.2 7B.8.4 CHECK ELECTRICAL INTERFACES 
3,2.7B,8.5 CLCSE-OUT PAYLOAD BAY 
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3.2.7B.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 

3.2.8 COUNTDOWN AND LAUNCH 

3.2.9 ORBITAL DEPLOYMENT AND CHECKOUT 

3.2.9. 1 SHUTTLE ATTAINS DELIVERY ORBIT 

3. 2. 9. 2 TESTS OF ATTACHED PAYLOAD 

3. 2. 9. 2.1 POWER SUBSYSTEM CHECKOUT 

3. 2. 9. 2. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3. 2. 9. 3 extension OF PAYLOAD FROM PAYLOAD BAY 

3. 2. 9. 3.1 OPEN PAYLOAD BAY DODRS 

3. 2. 9. 3. 2 ACTIVATE RMS 

3. 2. 9. 3. 3 LOCATE GRASPING FIXTURE ON TARGET 
3. 2. 9. 3. A MOVE RMS TO FIXTURE 

3. 2. 9. 3. 5 GRASP FIXTURE 

3. 2. 9.3.9 RELEASE PAYLOAD RESTRAINTS 

3. 2. 9. 3. 7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 

3. 2. 9. 4 SEPARATION OF PAYLOAD FROM ORBITER 

3. 2. 9. 4.1 RMS RELEASES PAYLOAD 

3. 2. 9. 4. 2 SECURE RMS IN PAYLOAD BAY 

3. 2. 9. 5 OPERATIONAL CHECKOUT 

3. 2. 9. 5.1 ACTIVATE TMS SUBSYSTEMS 

3. 2. 9. 5. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3. 2. 9. 5. 3 POWER SUBSYSTEM CHECKOUT 

3. 2. 9. 5. 4 THERMAL SUBSYSTEM CHECKOUT 

3. 2. 9. 5. 5 structural SUBSYSTEM CHECKOUT 

3. 2. 9. 5. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

3. 2. 9. 5. 7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 

3. 2. 9. 5. 8 PROPULSION SUBSYSTEM CHECKOUT 

3. 2. 9. 5. 9 CONSUMABLES LEVELS CHECKOUT 

3. 2. 9. 6 IDENTIFY DEFECTIVE COMPONENT 

3. 2. 9. 6.1 DETERMINE ANOMALOUS DATA 

3. 2. 9. 6. 2 FORM HYPOTHESIS FOR PROBLEM 

3. 2. 9. 6. 3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 2. 9. 6. 4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3. 2. 9. 6. 5 identify FAULTY COMPONENT 

3. 2. 9. 7 IDENTIFY DEFECTIVE SOFTWARE 

3.2.9. ?. 1 COMPARE MEASURED DATA TO MODEL 

3. 2. 9. 7. 2 DETERMINE ANOMALOUS DATA 

3. 2. 9. 7. 3 FORM HYPOTHESIS FOR PROBLEM 

3. 2. 9. 7. 4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 2. 9. 7. 5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.2.9.8A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3.2.9.8A.1 SWITCH OUT FAULTY COMPONENT 

3. 2. 9. BA. 2 SWITCH IN REDUNDANT COMPONENT 
3.2.9.8A.3 MAKE DIAGNOSTIC CHECKS 

3. 2. 9. BA, 4 UPDATE SPACECRAFT MODEL 

3.2,9.BB COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3.2.9. BB.1 define ACCESS SEQUENCE 

3.2.9. BB.2 LOCATE ACCESS PANEL 

3.2.9. BB.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
3.2.9.8B.4 OPEN ACCESS PANEL 

3.2.9.88.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
3.2.9.8B 6 REMOVE COMPONENT 

3.2.9.8B.7 STORE COMPONENT 

3.2.9. BB.8 LOCATE NEW COMPONENT 

3.2.9. BB.9 POSITION AND CONNECT NEW COMPONENT 
3.2.9.8B.10 ADJUST COMPONENT 

3.2.9.8B.11 MAKE DIAGNOSTIC CHECKS 
3. 2. 9. SB. 12 CLOSE ACCESS PANEL 
3. 2. 9. SB. 13 STOW REPAIR EQUIPMENT 
3.2.9.8B.14 UPDATE SPACECRAFT MODEL 

3. 2. 9. 9 SOFTWARE FAILURE RECOVERY 

3. 2. 9. 9.1 DETERMINE CORRECTION ALGORITHM 

3. 2. 9. 9. 2 DATA/COMMAND ENCODING 

3. 2. 9. 9. 3 DATA/COMMAND TRANSMISSION 

3. 2. 9. 9. 4 COMPUTER FUNCTION CHECKS 

3.2.9.10 ORBITAL TRANSFER 

3.2.9.10.1 INITIALIZE GUIDANCE SYSTEM 

3.2.9.10.2 determine CURRENT ORBITAL PARAMETERS 

3.2.9.10.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.2.9.10.4 CHOOSE OPTIMAL TRAJECTORY 

3.2.9.10 5 determine CURRENT ATTITUDE 

3.2.9.10.6 determine DESIRED ATTITUDE 
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3.2.9 . 10 8 FIRE THRUSTERS 

3.2.10 STATUS MONITORING AND RESOURCE ALLOCATION 

3.2.10.1 TEMPERATURE M/*NAGEMENT 

3.2.10.1.1 MEASURE COMPONENT TEMPERATURES 

3.2.10.1.2 compare TEMPERATURES TO REOUIREO LIMITS 

3.2.10.1.3 ADJUST CDDLING/HEATING SYSTEMS 

3.2.10.2 POWER MANAGEMENT 

3.2.10.2 1 MEASURE CURRENTS AND VOLTAGES 

3.2.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

3.2.10.2 3 ADJUST CURRENTS AND VOLTAGES 

3.2.10.2.4 MONITOR BATTERIES 

3.2.10.3 DATA/COMMAND PROCESSING 

3.2.10.3.1 SHORT-TERM MEMORY STORAGE 

3.2.10.3.2 LONG-TERM MEMORY STORAGE 

3.2.10.3.3 DATA/COMMAND ENCODING 

3.2.10.3.4 DATA/COMMAND DECODING 

3.2.10.3.5 NUMERICAL COMPUTATION 

3.2.10.3.6 LOGIC OPERATIONS 

3.2.10.3.7 COMPUTER LOAD SCHEDULING 

3.2.10.3.8 COMPUTER FUNCTION CHECKS 

3.2.10.4 CONSUMABLES MANAGEMENT 

3.2.10.4.1 MONITOR PROPELLANT SUPPLIES 

3.2 10.4,2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.2.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
3-2.10.5 STRUCTURAL MANAGEMENT 

3.2.10.5.1 MEASURE STRAINS IN STRUCTURE 

3.2.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS 

3.2.10 5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 

3.2.10.5.4 APPLY COMPENSATING FORCES 

3.2.10.5.5 APPLY VIBRATION DAMPING 

3.2.10.6 HAZARD AVOIDANCE 

3.2.10.6.1 AVOID TANK OVERPRESSURES 

3.2.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 

3.2.10.6.3 MAINTAIN COMMUNICATION LINKS 

3.2.10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 

3.2.10.6.5 TRACK NEARBY OBJECTS 

3.2.10.6.6 AVOID CONFLICTING OBJECTS 

3.2.10.7 OPTIMAL SEQUENCING 

' 3.2.10.7.1 UPDATE SPACECRAFT MODEL 

3.2.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3.2.10.7.3 estimate RISKS FROM DESIRED FUNCTIONS 

3.2.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.2.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

3.2.10.7.6 COMPUTE OPTIMAL SEQUENCING 

3.2.10.8 IDENTIFY DEFECTIVE COMPONENT 

3.2.10.8.1 DETERMINE ANOMALOUS DATA 

3.2.10.8.2 FORM HYPOTHESIS FOR PROBLEM 

3.2.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.2.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3.2.10.8.5 IDENTIFY FAULTY COMPONENT 

3.2. 10.9 IDENTIFY DEFECTIVE SOFTWARE 

3.2.10.9.1 COMPARE MEASURED DATA TO MODEL 

3.2.10.9.2 DETERMINE ANOMALOUS DATA 

3.2.10.9.3 FORM HYPOTHESIS FOR PROBLEM 

3.2.10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.2.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.2.10.10A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3.2.10.10A.1 SWITCH OUT FAULTY COMPONENT 
3.2.10.10A.2 SWITCH IN REDUNDANT COMPONENT 
3.2.10.10A.3 MAKE DIAGNOSTIC CHECKS 
3.2.10.10A.4 UPDATE SPACECRAFT MODEL 
3.2.10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3.2.10 10B.1 DEFINE ACCESS SEQUENCE 
3.2.10.10B.2 LOCATE ACCESS PANEL 

3.2.10.10B.3 transfer REPAIR EQUIPMENT TO REPAIR SITE 
3.2.10.10B.4 OPEN ACCESS PANEL 

3.2.10.10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 

3.2.10.10B 6 REMOVE COMPONENT 

3.2.10.10B 7 STORE COMPONENT 

3 2 10. 10B 8 LOCATE NEW COMPONENT 

3.2.10.10B.9 POSITION AND CONNECT NEW COMPONENT 
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3.2. 10. 10B. 10 ADJUST COMPONENT 
3.2. 10. 10B, 11 MAKE DIAGNOSTIC CHECKS 
3.2. 10. 10B. 12 CLOSE ACCESS PANEL 
3.2. 10. 10B. 13 STOW REPAIR EQUIPMENT 
3 .2 . 10. 10B. 1A UPDATE SPACECRAFT MODEL 

3.2.10.11 SOFTWARE FAILURE RECOVERY 

3.2.10.11.1 DETERMINE CORRECTION ALGORITHM 

3.2.10.11.2 DATA/COMMAND ENCODING 

3.2.10.11.3 DATA/COMMAND TRANSMISSION 

3.2.10.11.4 COMPUTER FUNCTION CHECKS 

3.2.10.12 REPORT SYSTEM STATUS 

3.2.10.12.1 DATA/COMMAND ENCODING 

3.2.10.12.2 DATA/COMMAND TRANSMISSION 

3.2.10.12.3 DATA/COMMAND DECODING 

3.2.10.12.4 DATA/COMMAND DISPLAY 
3.2.11 DOCK WITH SPACECRAFT 

3.2.111 ADJUST ORBIT 

3.2.11.1.1 INITIALIZE GUIDANCE SYSTEM 

3.2.11.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.2.11.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.2.11.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.2.11.1.5 FIRE THRUSTERS 

3.2.11.2 ADJUST ATTITUDE 

3.2.11.2.1 DETERMINE CURRENT ATTITUDE 

3.2.11.2.2 DETERMINE DESIRED ATTITUDE 

3.2.11.2.3 DETERMINE NEW CONFIGURATION FDR SPACECRAFT COMPONENTS 

3.2.11.2.4 CHOOSE OPTIMAL TRAJECTORY 

3.2.11.2.5 ROTATE SPACECRAFT 

3.2.11.3 OPTIMAL CONTROL ALLOCATION 

3.2.11.3.1 UPDATE SPACECRAFT MODEL 

3.2.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3.2.11.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

3.2.11.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.2.11.3.5 DETERMINE CONSTRAINTS AND FIGURES OK MERIT 

3.2.11.3.6 CHOOSE OPTIMAL CONTROL MODE 

3.2.11.3.7 COMMUTE CONTROL COMMANDS 

3.2.11.3.8 EXECUTE CONTROL COMMANDS 

3.2.11.4 DOCK TMS TD SPACECRAFT 

3.2.11.4.1 LOCATE DOCKING TARGET 

3.2.11.4.2 EXTEND DOCKING MECHANISM 

3.2.11.4.3 FASTEN DOCKING LATCH 
■’:.a.12 DIAGNOSTIC CHECK (OF SPACECRAFT) 


This '.‘'^Qtianca might be done by the repair kit carried by the TMS. 


3.2.12.1 IDENTIFY DEFECTIVE COMPONENT 

3.2.12.1.1 DETERMINE ANOMALOUS DATA 

3.2.12.1.2 FORM HYPOTHESIS FOR PROBLEM 

3.2.12.1.3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.2.12.1.4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3.2.12.1.5 IDENTIFY FAULTY COMPONENT 

3.2.12.2 identify DEFECTIVE SOFTWARE 

3.2.12.2.1 COMPARE MEASURED DATA TO MODEL 

3.2.12.2.2 DETERMINE ANOMALOUS DATA 

3.2.12.2.3 FORM HYPOTHESIS FOR PROBLEM 

3.2.12.2.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.2.12.2.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.2.13 COMPONENT/SOFTWARE REPLACEMENT 

3.2.13.1 COMPONENT REPLACEMENT 


This activity would also Include non-repair module replacement activity 
such as experiment changeout and data cartridge replacement. 


3.2.13.1.1 DEFINE ACCESS SEQUENCE 

3.2.13.1.2 LOCATE ACCESS PANEL 

3.2.13.1.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 

3.2.13.1.4 OPEN ACCESS PANEL 

3.2.13.1.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 

3.2.13.1.6 REMOVE COMPONENT 
3.2 13.1.7 STORE COMPONENT 

3.2.13.1.8 LOCATE NEW COMPONENT 

3.2 13.1.9 POSITION AND CONNECT NEW COMPONENT 
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3.2.13.1.10 ADJUST COMPONENT 

3.2.13.1.11 MAKE DIAGNOSTIC CHECKS 

3.2.13.1.12 CLOSE ACCESS PANEL 

3.2.13.1.13 STOW REPAIR EQUIPMENT 

3.2.13.1.14 UPDATE SPACECRA.'T MDDEL 

3.2.13.2 SOFTWARE REPLACEMENT 

3.2.13.2.1 DATA/COMMAND ENCODING 

3.2.13.2.2 DATA/COMMAND TRANSMISSION 

3.2.13.2.3 COMPUTER FUNCTION CHECKS 

3.2.14 RESLPPLY CONSUMABLES 

3.2.14.1A FLUID REPLACEMENT (UMBILICAL) 

3.2.14.1A.1 LOCATE ACCESS PANEL 
3.2. 14. 1A. 2 OPEN ACCESS PANEL 
3.2. 14. 1A. 3 CLOSE INTERNAL VALVES 
3.2. 14. 1A. 4 EXTEND AND ATTACH UMBILICAL 
3.2.14.1A.5 OPEN SUPPLY VALVE 
3.2. 14. 1A. 6 MONITOR FLUID TRANSFER 
3.2. 14. 1A, 7 CLOSE SUPPLY VALVE 
3.2. 14. 1A. 8 DETACH AND RETRACT UMBILICAL 
3.2.14.1A.9 OPEN INTERNAL VALVES 
3.2. 14, 1A. 10 CHECK FOR LEAKS 
3.2. 14. 1A. 11 CLOSE ACCESS PANEL 
3.2. 14, IB FLUID REPLACEMENT (TANK REPLACEMENT) 

3. 2. 14. IB. 1 LOCATE ACCESS PANEL 

3.2. 14. IB. 2 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 

3.2. 14. IB. 3 OPEN ACCESS PANEL 

3.2. 14. IB. 4 CLOSE INTERNAL VALVES 

3.2. 14. IB. 5 LOCATE OLD TANK 

3.2. 14. 1B, 6 DISCONNECT OLD TANK 

3,2,14.16.7 REMOVE OLD TANK 

3,2.14,16.6 STORE OLD TANK 

3.2. 14. IB. 9 LOCATE NEW TANK 

3.2.14.16.10 INSTALL NEW TANK 

3.2.14.16.11 CONNECT NEW TANK 

3.2.14.16.12 OPEN INTERNAL VALVES 
3.2. 14. IB. 13 CHECK FOR LEAKS 
3.2. 14. IB. 14 CLOSE ACCESS PANEL 
3.2,14.16.15 STOW REPAIR EQUIPMENT 

3.2.15 NON-ROUTINE MAINTAINCE AND REPAIR 


This Is repair activity not foreseen Curing mission planning. 


3.2.16 REDEPLOY SPACECRAFT 

3.2.16.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 

3 2.16.1.1 INITIALIZE GUIDANCE SYSTEM 

3.2.16.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.2.16.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.2.16.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.2.16.1.5 DETERMINE CURRENT ATTITUDE 

3.2.16.1.6 DETERMINE DESIRED ATTITUDE 

3.2.16.1.7 ROTATE SPACECRAFT 
3.2. 16. 1 .8 FIRE THRUSTERS 

3.2.16.2 UNDOCK TMS FROM PAYLOAD 

3.2.16.2.1 RELEASE DOCKING LATCH 

3.2.16.2.2 RETRACT DOCKING MECHANISM 

3.2.16.2.3 MOVE AWAY FROM PAYLOAD 

3.2.16.3 OPERATIONAL CHECKOUT AND ATTITUDE ADJUSTMENT OF SPACECRAFT 

3.2.17 RENDEZVOUS WITH ORBITER 

3.2.17.1 ORBITAL TRANSFER (OF TMS) 

3.2.17.1.1 INITIALIZE GUIDANCE SYSTEM 

3.2.17.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.2.17.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.2.17.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.2.17.1.5 DETERMINE CURRENT ATTITUDE 

3.2.17.1.6 DETERMINE DESIRED ATTITUDE 

3.2.17.1.7 ROTATE SPACECRAFT 

3.2.17.1.8 FIRE THRUSTERS 

3.2.17.2 SHUTDOWN TMS FOR RETRIEVAL 

3.2.17.2.1 STOW TMS ANTENNA 

3.2.17.2.2 DEACTIVATE TMS SUBSYSTEMS 

3.2.18 RETRIEVAL BY ORBITER 

3.2.18.1 ADJUST ORBIT (OF ORBITER) 
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3.2.18.1.1 INITIALIZE GUIDANCE SYSTEM 

3 2. >8.1.2 determine CURRENT ORBITAL PARAMETERS 

3.2.18.1.3 determine DESIRE."i ORBITAL PARAMETERS 

3.2.18.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.2.18.1.5 FIRE THRUSTERS 

3.2.18.2 ADJUST ATTITUDE (OF ORBITER) 

3.2.18.2.1 DETERMINE CURRENT ATTITUDE 

3.2.18.2.2 DETERMINE DESIRED ATTITUDE 

3.2.18.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

3.2.18.2.4 CHOOSE OPTIMAL TRAJECTORY 

3.2.18.2.5 ROTATE SPACECRAFT 

3.2.18.3 OPTIMAL CONTROL ALLOCATION 

3.2.18.3.1 UPDATE SPACECRAFT MODEL 

3.2.18.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3.2.18.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

3.2.18.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.2.18.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

3.2.18.3.6 CHOOSE OPTIMAL CONTROL MODE 

3.2.18.3.7 COMPUTE CONTROL COMMANDS 

3.2.18.3.8 EXECUTE CONTROL COMMANDS 

3.2.18.4 ORBITER RECOVERY OF TMS 

3.2.18.4.1 ACTIVATE RMS 

3.2.18.4.2 LOCATE GRASPING FIXTURE ON TARGET 

3.2.18.4.3 MOVE RMS TO FIXTURE 

3.2. 18.4.4 GRASP FIXTURE 

3.2.18.4.5 LOCATE CRADLE IN PAYLOAD BAY 

3.2.18.4.6 TRANSLATE PAVLOAD TO CRADLE 

3.2.18.4.7 FASTEN PAYLOAD RESTRAINTS 

3.2.18.4.8 RMS RELEASES PAYLOAD 

3.2.18.4.9 SECURE RMS IN PAYLOAD BAY 

3.2.19 REENTRY AND LANDING 

3.2.20 POST-FLIGHT OPERATIONS 

3.2.20.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 

3.2.20.2 REMOVAL OF PAYLOADS FROM ORBITER 

3.3 OPERATIONS SUPPORT 


The TMS can be used as a remote platform for operetions support. This 
might Include remote lighting or viewing of a worksite, remote sensing for 
an experiment, measuring thruster plumes, and observing hazardous activities 
such as OTV engine firings. 


3.3.1 DESIGN 

3. 3. 1.1 DEFINE REQUIREMENTS 

3.3. 1 .2 MISSION ANALYSIS 

3.3. 1.3 PAYLOAD ACCOMODATIONS 

3.3. 1.4 CREATE FUNCTIONAL LAYOUT 

3. 3. 1.5 FAILURE MODES ANALYSIS 

3.3. 1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR 

3.3. 1.7 CREATE MECHANICAL LAYOUT 

3.3. 1 .8 SAFETY REVIEW 

3. 3. 1.9 DESIGN OF COMPONENTS 

3.3.1.10 SOFTWARE DEVELOPMENT 

3.3.2 COMPONENT FABRICATION 

3.3.2. 1 PROCURE OFF-THE-SHELF COMPONENTS 

3. 3. 2. 2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

3. 3. 2. 3 PROCURE MANUFACTURING EQUIPMENT 

3. 3. 2. 4 manufacture COMPONENTS 

3.3.3 COMPONENT TEST 

3.3.3. 1 SET UP TEST FACILITIES 

3. 3. 3. 2 STRUCTURAL LOADS TESTS 

3. 3. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 

3. 3. 3. 4 ANTENNA AND ARRAY DEPLOYMENT TESTS 

3. 3. 3. 5 ELECTRICAL SYSTEMS TESTS 

3. 3. 3. 6 THERMAL AND VACUUM TESTS 

3. 3. 3. 7 THRUSTER TESTS 

3. 3. 3. (3 COMPONENT CERTIFICATION 

3.3.4 SYSTEM INTEGRATION 

3.3.5 SYSTEM TEST 

3.3.5. 1 POWER SUBSYSTEM TESTS 

3. 3. 5. 2 thermal SUBSYSTEM TESTS 

3. 3. 5. 3 STRUCTURE SUBSYSTEM TESTS 
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3. 3.5.4 INFORMATION PROCESSING SUBSYSTEM TESTS 

3. 3. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 

3. 3.5.6 ATTITUDE CONTROL SUBSYSTEM TESTS 

3. 3. 5. 7 PROPULSION SUBSYSTEM TESTS 

3. 3. 5. 8 INTEGRATED SYSTEMS TESTS 

3. 3. 5. 9 FAILURE MODES SIMULATION 

3.3.5.10 SYSTEM CERTIFICATION 
3.3.6 SHIPPING TO LAUNCH SITE 

3.3.6. 1 REMOVE TEST EQUIPMENT 

3. 3. 6. 2 PERFORM NECESSARY DISASSEMBLY 

3. 3. 6. 3 PACKING 

3. 3. 6. 4 TRANSPORT TO LAUNCH SITE 

3.3.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD) 
3.3.7A. 1 UNPACKING 

3.3.7A.2 PERFORM NECESSARY REASSEMBLY 
3.3.7A.3 INTEGRATED SYSTEMS TESTS 

3.3.7A.3.1 VERIFY POWER SYSTEM FUNCTION 
3.3.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.3.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.3.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.3.7A.3.5 MISSION SEQUENCE SIMULATION 
3.3.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 
3.3.7A.4.1 LOAD PAYLOAD INTO CONTAINER 
3.3.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
3.3.7A.4.3 ATTACH STRONGBACK TO PAYLOAD 
3.3.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
3.3.7A.5 INTEGRATE TMS WITH PAYLOAD 
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For this mission tho payload might include scientific Instruments. 


3.. 3. ''A. 6 ■■’E ORM INTERFACES CHECK 

3.3. V.,,S.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 

3.3. ’’A.S.2 CHECK ELECTRICAL INTERFACES 

3.3.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.3.7A.6.4 CHECK ELECTRICAL INTERFACES 
3.3.7A.7 transfer TMS/PAYLOAD TO ORBITER PROCESSING FACILITY 
3.3.7A.7.1 ATTACH STRONGBACK TO PAYLOAD 
3.3.7A.7.2 LOAD PAYLOAD INTO CANISTER 
3. 3. 7 A. 7. 3 REMOVE STRONGBACK 
3.3.7A.7.4 CLOSE CANISTER 

3.3.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
3.3.7A.7.6 UNLOAD CANISTER 
3.3.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

3.3.7A.8.1 ATTACH STRONGBACK TO PAYLOAD 
3.3.7A.B.2 INSTALL PAYLOAD IN ORBITER 
3.3.7A.6.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.3.7A.8.4 CHECK ELECTRICAL INTERFACES 
3.3.7A.B.5 REMOVE STRONGBACK 
3.3.7A.8.6 CLOSE-OUT PAYLOAD BAY 

3.3.7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
3.3.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD) 

3.3.7B.1 UNPACKING 

3.3.7B.2 PERFORM NECESSARY REASSEMBLY 
3.3.7B.3 INTEGRATED SYSTEMS TESTS 

3.3.7B.3.1 VERIFY POWER SYSTEM FUNCTION 
3.3.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.3.7B.3.3 verify MECHANICAL SYSTEM FUNCTION 
3.3.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.3.7B.3.5 MISSION SEQUENCE SIMULATION 
3.3.7B.4 TRANSFER TO VERTICAL PROCESSING FACILITY 
3.3.7B.4.1 LOAD PAYLOAD INTO CONTAINER 

3.3.7B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 
3.3.7B.4.3 UNLOAD CONTAINER 
3.3.7B.5 INTEGRATE TMS WITH PAYLOAD 
3.3.7B.6 PERFORM INTERFACES CHECK 

3.3.7B.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.3.7B.6.2 CHECK ELECTRICAL INTERFACES 
3.3.7B.6 3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.3.7B.6.4 CHECK ELECTRICAL INTERFACES 
3.3.7B.7 TRANSFER PAYuDAD TO LAUNCH PAD 

3.3.7B.7.1 LOAD PAYLOAD INTO CANISTER 

3.3.7B 7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE 
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3.3.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 
3.3.7B.7.A LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
3.3.7B.7.5 REMOVE CANISTER 
3.3.7B.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL) 

3.3.7B.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 
3.3.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 
3.3.7B.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.3.7B.8.4 CHECK ELECTRICAL INTERFACES 
3.3.7B.B.5 CLOSE-OUT PAYLOAD BAY 

3.3.7B.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 

3.3.8 COUNTDOWN AND LAUNCH 

3.3.9 ORBITAL DEPLOYMENT AND CHECKOUT 

3.3.9. 1 SHUTTLE ATTAINS DELIVERY ORBIT 

3. 3. 9. 2 TESTS OF ATTACHED PAYLOAD 

3. 3. 9. 2.1 POWER SUBSYSTEM CHECKOUT 

3. 3. 9. 2. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
3 3.9.3 EXTENSION OF PAYLOAD FROM PAYLOAD BA» 

3. 3. 9. 3.1 OPEN PAYLOAD BAY DOORS 

3. 3. 9. 3. 2 ACTIVATE RMS 

3. 3. 9. 3. 3 LOCATE GRASPING FIXTURE ON TARGET 

3. 3. 9. 3. 4 MOVE RMS TO FIXTURE 

3. 3. 9. 3. 5 GRASP FIXTURE 

3. 3.9. 3.6 RELEASE PAYLOAD RESTRAIN1S 

3. 3. 9. 3. 7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 

3. 3. 9. 4 SEPARATION OF PAYLOAD FROM ORBITER 

3. 3. 9. 4.1 RMS RELEASES PAYLOAD 

3. 3. 9. 4. 2 SECURE RMS IN PAYLOAD BAY 

3. 3. 9. 5 OPERATIONAL CHECKOUT 

3. 3. 9. 5.1 ACTIVATE TMS SUBSYSTEMS 

3. 3. 9. 5. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3. 3. 9. 5. 3 POWER SUBSYSTEM CHECKOUT 

3. 3. 9. 5. 4 THERMAL SUBSYSTEM CHECKOUT 

3. 3. 9. 5. 5 STRUCTURAL SUBSYSTEM CHECKOUT 

3. 3. 9. 5. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

3. 3. 9. 5. 7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 

3. 3. 9. 5. 8 PROPULSION SUBSYSTEM CHECKOUT 

3. 3. 9. 5. 9 CONSUMABLES LEVELS CHECKOUT 

3. 3. 9. 6 IDENTIFY DEFECTIn'E COMPONENT 

3. 3. 9. 6.1 DETERMINE ANOMALOUS DATA 

3. 3. 9. 6. 2 FORM HYPOTHESIS FOR PROBLEM 

3. 3. 9. 6. 3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 3. 9. 6. 4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3. 3. 9. 6. 5 IDENTIFY FAULTY COMPONENT 

3. 3. 9. 7 IDENTIFY DEFECTIVE SOFTWARE 

3. 3. 9. 7.1 COMPARE MEASURED DATA TO MODEL 

3. 3. 9. 7. 2 DETERMINE ANOMALOUS DATA 

3. 3. 9. 7. 3 FORM HYPOTHESIS FOR PROBLEM 

3. 3. 9. 7. 4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 3. 9. 7. 5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.3.9.8A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3.3.9.8A.1 SWITCH OUT FAULTY COMPONENT 
3.3.9.8A.2 SWITCH IN REDUNDANT COMPONENT 

3. 3. 9. BA. 3 MAKE DIAGNOSTIC CHECKS 
3.3.9.8A.4 UPDATE SPACECRAFT MODEL 

3.3.9.8B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3. 3. 9. SB. 1 DEFINE ACCESS SEQUENCE 
3.3.9.8B.2 LOCATE ACCESS PANEL 

3.3.9.8B.3 transfer REPAIR EQUIPMENT TO REPAIR SITE 
3.3.9.8B.4 OPEN ACCESS PANEL 

3.3.9.8B.S OBSERVE/LOCATE DEFECTIVE COMPONENT 

3.3.9.8B.6 REMOVE COMPONENT 

3.3.9.8B.7 STORE COMPONENT 

3.3.9.8B.8 LOCATE NEW COMPONENT 

3.3.9.8B.9 POSITION AND CONNECT NEW COMPONENT 

3.3.9.8B.10 ADJUST COMPONENT 

3.3.9. BB.11 MAKE DIAGNOSTIC CHECKS 
3.3.9.8B.12 CLOSE ACCESS PANEL 

3. 3. S. SB. 13 STOW REPAIR EQUIPMENT 
3.3.9.8B.14 UPDATE SPACECRAFT MODEL 

3. 3. 9. 9 SOFTWARE FAILURE RECOVERY 

3. 3. 9. 9.1 DETERMINE CORRECTION ALGORITHM 

3. 3. 9. 9. 2 OATA/COMMAND ENCODING 
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OF PGOl i> t 3. 3. 9. 9. 3 DATA/COMMANO TRANSMISSION 

“ "" ■“““ 3. 3. 9. 9. 4 COMPUTER FUNCTION CHECKS 

3 3.8.10 ORBITAL TRANSFER 

3.3.9.10.1 INITIALIZE GUIDANCE SYSTEM 

3.3.9.10.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.3.9.10.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.3.9.10.4 CHOOSE OPTIMAL TRAJECTORY 

3.3.9.10.5 DETERMINE CURRENT ATTITUDE 

3.3.9.10.6 DETERMINE DESIRED ATTITUDE 

3.3.9.10.7 ROTATE SPACECRAFT 

3.3.9. 10. S FIRE THRUSTERS 

3.3.10 STATUS MONITORING AND RESOURCE ALLOCATION 

3.3.10.1 TEMPERATURE MANAGEMENT 

3.3.10.1.1 MEASURE COMPONENT TEMPERATURES 

3.3.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 

3.3.10.1.3 ADJUST COOLING/HEATING SYSTEMS 

3.3.10.2 POWER MANAGEMENT 

3.3.10.2.1 MEASURE CURRENTS AND VOLTAGES 

3.3.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

3.3.10.2.3 ADJUST CURRENTS AND VOLTAGES 

3.3.10.2.4 MONITOR BATTERIES 

3.3.10.3 DATA/COMMAND PROCESSING 

3.3.10.3.1 SHORT-TERM MEMORY STORAGE 

3.3.10.3.2 LONG-TERM MEMORY STORAGE 

3.3.10.3.3 DATA/COMMAND ENCODING 

3.3.10.3.4 DATA/COMMAND DECODING 

3.3.10.3.5 NUMERICAL COMPUTATION 

3.3.10.3.6 LOGIC OPERATIONS 

3.3.10.3.7 COMPUTER LOAD SCHEDULING 
3.3. 10. 3. B COMPUTER FUNCTION CHECKS 

3.3.10.4 CONSUMABLES MANAGEMENT 

3.3.10.4.1 MONITOR PROPELLANT SUPPLIES 

3.3.10.4.2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.3.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 

3.3. 10.5 STRUCTURAL MANAGEMENT 

3.3.10.5.1 MEASURE STRAINS IN STRUCTURE 

3.3.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS 

3.3.10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 

3.3.10.5.4 APPLY COMPENSATING FORCES 

3.3.10.5.5 APPLY VIBRATION DAMPING 

3.3.10.6 HAZARD AVOIDANCE 

3.3.10.6.1 AVOID TANK OVERPRESSURES 

3.3.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 

3.3.10.6.3 MAINTAIN COMMUNICATION LINKS 

3.3.10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 

3.3.10.6.5 TRACK NEARBV OBJECTS 

3.3.10.6.6 AVOID CONFLICTING OBJECTS 

3,3.10 7 OPTIMAL SEQUENCING 

3.3.10.7.1 UPDATE SPACECRAFT MODEL 

3.3.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3.3.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

3.3.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.3.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

3.3.10 7.6 COMPUTE OPTIMAL SEQUENCING 

3.3.10.8 IDENTIFY DEFECTIVE COMPONENT 

3.3.10.8.1 DETERMINE ANOMALOUS DATA 

3.3.10.8.2 FORM HYPOTHESIS FOR PROBLEM 

3.3.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.3.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3.3.10.8.5 IDENTIFY FAULTY COMPONENT 

3.3.10.9 identify DEFECTIVE SOFTWARE 

3.3.10.9.1 COMPARE MEASURED DATA TO MODEL 

3.3.10.9.2 DETERMINE ANOMALOUS DATA 

3.3. 10. 5. 3 FORM HYPOTHESIS FOR PROBLEM 

3.3.10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.3.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.3.10.10A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3.3.10.10A.1 SWITCH OUT FAULTY COMPONENT 
3.3.10.10A.2 SWITCH IN REDUNDANT COMPONENT 
3.3.10.10A.3 MAKE DIAGNOSTIC CHECKS 
3.3.10.10A.4 UPDATE SPACECRAFT MODEL 
3.3.10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 
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3.3.10.10B.1 DEFINE ACCESS SEQUENCE 
3.3.10. 10B. 2 LOCATE ACCESS PANEL 

3.3.10.108.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 

3.3.10.108.4 OPEN ACCESS PANEL 

3.3.10.10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
3.3.10.10B.6 REMOVE COMPONENT 
3.3.10.10B.7 STORE COMPONENT 
3.3.10.10B.8 LOCATE NEW COMPONENT 
3.3.10.10B.9 POSITION AND CONNECT NEW COMPONENT 
3.3. 10. 10B. 10 ADJUST COMPONENT 
3.3. 10. 10B. 11 MAKE DIAGNOSTIC CHECKS 
3.3. 10. 10B. 12 CLOSE ACCESS PANEL 
3.3.10.10B.13 STOW REPAIR EQUIPMENT 

UPDATE SPACECRAFT MODEL 
FAILURE RECOVERY 
DETERMINE CORRECTION ALGORITHM 
DATA/COMMAND ENCODING 
DATA/COMMANO TRANSMISSION 
COMPUTER FUNCTION CHECKS 
SYSTEM STATUS 

3.3.10.12.1 DATA/COMMAND ENCODING 

3.3.10.12.2 data/command TRANSMISSION 

3.3.10.12.3 data/command DECODING 

3.3.10.12.4 data/command DISPLAY 
ATTITUDE CONTROL AND STATIONKEEPING 


1 1 
12 
13 

3.3.10. 10B. 14 

3.3.10.11 SOFTWARE 
10 . 11.1 
10 . 11.2 

10.11.3 

10.11 .4 

3.3.10.12 REPORT 


3.3, 

3.3, 

3.3, 
3.3, 

10. 12 


3.3 


3.3 


3.3 


1 1 . 
3 . 
3. 
3. 
3, 
3, 
3 , 
1 1 , 
3 , 
3 
3 
3 
3 
1 1 
3 
3 
3 
3 
3 
3 
3 
3 
1 1 


MAINTAIN/CHANGE ATTITUDE 


1 1 
1 1 
1 1 
1 1 
1 1 


1 1 
1 1 
1 1 
1 1 
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3 
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INITIALIZE GUIDANCE SYSTEM 
DETERMINE CURRENT ATTITUDE 
DETERMINE DESIRED ATTITUDE 

DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 
CHOOSE OPTIMAL TRAJECTORY 
ROTATE SPACECRAFT 
MAINTAIN/CHANGE ORBIT 

11.2.1 INITIALIZE GUIDANCE SYSTEM 
DETERMINE CURRENT ORBITAL PARAMETERS 
DETERMINE DESIRED ORBITAL PARAMETERS 
CHOOSE OPTIMAL TRAJECTORY 
FIRE thrusters 

OPTIMAL CONTROL ALLOCATION 

11.3.1 update spacecraft model 
PROJECT DESIRED FUNCTIONS 


.3,2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
.3.3 estimate risks FROM DESIRED FUNCTIONS 

,3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
,3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
,3.e CHOOSE OPTIMAL CONTROL MODE 
.3.7 COMPUTE CONTROL COMMANDS 
.3.B EXECUTE CONTROL COMMANDS 
4 OPERATE MISSION-SPECIFIC SENSORS/ACTUATORS 


1 1 
1 1 
1 1 
1 1 
1 1 
3 . 1 < 
3.11 


This Is what the TMS Is here foi to watch or monitor some activity. 

This might Include multi-spectral space environment measurements, observation 
of OTV engine firings, providing a remote target, lighting a work aren, and 
so forth. 


3.3.12 RENDEZVOUS WITH ORBITER 

3.3.12.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 

3.3.12.1.1 INITIALIZE GUIDANCE SYSTEM 

3.3.12.1.2 determine CURRENT ORBITAL PARAMETERS 

3.3.12.1.3 determine DESIRED ORBITAI. PARAMETERS 
3, ,3. 12. 1.4 CHOOSE OPTIMAL TRAJECTORY 

3.3.12.1.5 DETERMINE CURRENT ATTITUDE 

3.3.12.1.6 DETERMINE DESIRED ATTITUDE 

3.3.12.1.7 ROTATE SPACECRAF-r 

3.3.12.1.8 FIRE THRUSTERS 

3.3.12.2 shutdown TMS FOR RETRIEVAL 

3.3.12.2.1 STOW TMS ANTENNA 

3.3.12.2.2 deactivate TMS SUBSYSTEMS 

3.3.13 RETRIEVAL BY ORBITER (OF TMS/SATELLITE ) 

3.3.13.1 ADJUST ORBIT (OF ORBITER) 

3.3.13.1.1 INITIALIZE GUIDANCE SYSTEM 

3.3.13.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.3.13.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
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3,3 13.1 4 CHOOSE OPTIMAU TRAJECTORY 

3.3.13.1.5 PIRE thrusters 

3.3.13.2 ADJUST ATTITUDE (OP ORBITER) 

3.3.13.2 1 DETERMINE CURRENT ATTITUDE 

3.3.13.2.2 DETERMINE DESIRED ATTITUDE 

3.3.13.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

3.3.13.2 4 CHOOSE OPTIMAL TRAJECTORY 

3.3.13.2.5 ROTATE SPACECRAFT 

3.3.13.3 OPTIMAL CONTROL ALLOCATION 

3.3.13.3.1 UPDATE SPACECRAFT MODEL 

3.3.13.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3.3.13.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

3.3.13.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.3.13.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

3.3.13.3.6 CHOOSE OPTIMAL CONTROL MODE 

3.3.13.3.7 COMPUTE CONTROL COMMANDS 
3.3.13.3.0 EXECUTE CONTROL COMMANDS 

3.3.13.4 ORBITER RECOVERY OF TMS 
3.3. 13.4.1 ACTIVATE RMS 

3.3.13.4.2 LOCATE GRASPING FIXTURE ON TARGET 

3.3.13.4.3 MOVE RMS TO FIXTURE 

3.3.13.4.4 GRASP FIXTURE 

3.3.13.4.5 LOCATE CRADLE IN PAYLOAD BAY 

3.3.13.4.6 TRANSLATE PAYLOAD TO CRADLE 

3.3.13.4.7 fasten PAYLOAD RESTRAINTS 

3. 3. 15. 4. 8 RMS RELEASES PAYLOAD 

3.3.13.4.9 SECURE RMS IN PAYLOAD BAY 

3.3.14 REENTRY AND LANDING 

3.3.15 POST-FLIGHT OPERATIONS 

3.3.15.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 

3.3. 15. 2 REMOVAL OF PAYLOADS FROM ORBITER 

3,4 LARGE SPACE SYSTEMS ASSEMBLY 


The TMS may be used as an assembly aid in the construction of a large space 
structure. Tasks would Include transforlng material between sites, routing 
cables, structural alignment and assembly, and equipment installation and 
servicing. 


3.4.1 DESIGN 

3.4. 1.1 DEFINE REQUIREMENTS 

3. 4. 1.2 MISSION ANALYSIS 

3. 4. 1.3 PAYLOAD ACCOMODATIONS 

3. 4. 1.4 CREATE FUNCTIONAL LAYOUT 

3. 4. 1.5 FAILURE MODES ANALYSIS 

3. 4. 1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR 

3. 4. 1.7 CREATE MECHANICAL LAYOUT 

3.4. 1 .8 SAFETY REVIEW 

3. 4. 1.9 DESIGN OF COMPONENTS 

3.4.1.10 SOFTWARE DEVELOPMENT 

3.4.2 COMPONENT FABRICATION 

3.4,2. 1 PROCURE OFF-THE-SHELF COMPONENTS 

3. 4. 2. 2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

3. 4. 2. 3 PROCURE MANUFACTURING EQUIPMENT 

3. 4. 2. 4 MANUFACTURE COMPONENTS 

3.4.3 COMPONENT TEST 

3.4.3. 1 SET UP TEST FACILITIES 

3. 4. 3. 2 STRUCTURAL LOADS TESTS 

3. 4. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 

3. 4. 3. 4 ANTENNA AND ARRAY DEPLOYMENT TESTS 

3. 4. 3. 5 ELECTRICAL SYSTEMS TESTS 

3. 4. 3. 6 THERMAL AND VACUUM TESTS 

3. 4. 3. 7 THRUSTER TESTS 

3. 4. 3. 6 COMPONENT CERTIFICATION 

3.4.4 SYSTEM INTEGRATION 

3.4.5 SYSTEM TEST 

3.4.5. 1 POWER SUBSYSTEM TESTS 

3. 4. 5. 2 thermal SUBSYSTEM TESTS 

3. 4. 5. 3 STRUCTURE SUBSYSTEM TESTS 

3. 4. 5. 4 INFORMATION PROCESSING SUBSYSTEM TESTS 

3. 4. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 

3. 4. 5. 6 ATTITUDE CONTROL SUBSYSTEM TESTS 


ORIGSMAL 
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3.4.7A PAYLOAD INTEGRATION AND CHECKOUT (HORIZONTAL PAYLOAD) 
3.4.7A. 1 UNPACKING 

3.4.7A.2 PERFORM NECESSARY REASSEMBLY 
3.4.7A.3 INTEGRATED SYSTEMS TESTS 

3.4.7A.3.1 verify POWER SYSTEM F JNCTION 
3.4.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.4.7A.3.3 verify MECHANICAL SYSTEM FUNCTION 
3.4.7A.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.4.7A.3.5 MISSION SEQUENCE SIMULATION 
3.4.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLOG. 
3.4.7A.4.1 LOAD PAYLOAD INTO CONTAINER 
3.4.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 
3.4.7A.4.3 ATTACH STRONGBACK TO PAYLOAD 
3.4.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
3.4.7A.5 INTEGRATE TM5 WITH PAYLOAD 


3. 4. 6. 7 PROPULSION SUBSYSTEM TESTS 

3. 4. 5. 8 INTEGRATED SYSTEMS TESTS 

3. 4. 5. 9 FAILURE MOOES SIMUuATION 

3.4.5.10 SYSTEM CERTIFICATION 
3.4.6 SHIPPING TO LAUNCH SITE 

3.4.6. 1 REMOVE TEST EQUIPMENT 

3. 4. 6. 2 PERFORM NECESSARY DISASSEMBLY 

3. 4. 6. 3 PACKING 

3. 4. 6. 4 TRANSPORT TO LAUNCH SITE 




The TMS might carry manipulators for structural assembly or a cargo rack 
for this mission. 


3.4.7A.6 PERFORM INTERFACES CHECK 

3.4.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.4.7A.6.2 CHECK ELECTRICAL INTERFACES 
3.4.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.4.TA.6.4 CHECK ELECTRICAL INTERFACES 
3.4.7A.7 transfer TMS/PAYLOAD TO ORBITER PROCESSING FACILITY 
3.4.7A.7.1 ATTACH STRONGBACK TO PAYLOAD 
3.4.7A.7.2 LOAD PAYLOAD INTO CANISTER 
3.4.7A.7.3 REMOVE STRONGBACK 
3.4.7A.7.4 CLOSE CANISTER 

3.4.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING lACILITY 
3.4.7A.7.6 UNLOAD CANISTER 
3.4.7A.B ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

3.4.7A.8.1 ATTACH STRONGBACK TO PAYLOAD 
3.4.7A.8.2 install PAYLOAD IN ORBITER 
3.4.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.4.7A.8.4 CHECK ELECTRICAL INTERFACES 
3.4.7A.B.5 REMOVE STRONGBACK 
3.4.7A.8.6 CLOSE-OUT PAYLOAD BAY 

3.4.7A.8.7 installation OF ORBITER PAYLOAD STATION CONSOLES 
3.4.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD) 

3.4.7B.1 UNPACKING 

3.4.7B.2 PERFORM NECESSARY REASSEMBLY 
3.4.7B.3 INTEGRATED SYSTEMS TESTS 

3.4.7B.3.1 VERIFY POWER SYSTEM FUNCTION 
3.4.78.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.4.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.4.7B.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.4.7B.3.5 MISSION SEQUENCE SIMULATION 
3.4.7B.4 TRANSFER TO VERTICAL PROCESSING FACILITY 
3.4.7B.4.1 LOAD PAYLOAD INTO CONTAINER 

3.4.7B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 
3.4.7B.4.3 UNLOAD CONTAINER 
3.4.7B.5 INTEGRATE TMS WITH ''AYLOAD 
3.4.7B.6 PERFORM INTERFACES CHECK 

3.4.7B.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.4.7B.6.2 CHECK ELECTRICAL INTERFACES 
3.4.7B.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.4.7B.6.4 CHECK ELECTRICAL INTERFACES 
3.4.7B.7 TRANSFER PAYLOAD TO LAUNCH PAD 

3.4.7B.7.1 LOAD PAYLOAD INTO CANISTER 
3.4.7B.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE 
3.4.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 
3.4.7B.7.4 load PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
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3.4.7B.7.5 REMOVE CANISTEH 
3.4.7B.8 ORBITER/PAYLOAD INTEiRATION (VERTICAU) 

3.4.7E3.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 
3.4.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 
3.4.7E.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.4.7B.8.4 CHECK ELECTRICAL INTERFACES 
3.4.7B.B.5 CLOSE-OUT PAYLOAD BAY 

3.4.7B.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 

3.4.8 COUNTDOWN AND LAUNCH 

3.4.9 ORBITAL DEPLOYMENT AND CHECKOUT 

3.4.9. - SHUTTLE ATTAINS DELIVERY ORBIT 

3.4.9. A :uSTS OF ATTACHED PAYLOAD 

3. 4. 9. 2.1 POWER SUBSYSTEM CHECKOUT 

3. 4. 9. 2. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3. 4. 9. 3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 

3. 4. 9. 3.1 OPEN PAYLOAD BAY DOORS 

3 .4 .9 .3.2 ACTIVATE RMS 

3. 4. 9. 3. 3 LOCATE GRASPING FIXTURE ON TARGET 

3. 4. 9. 3. 4 MOVE RMS TO FIXTURE 

3. 4. 9. 3. 5 GRASP FIXTURE 

3. 4. 9. 3. 6 RELEASE PAYLOAD RESTRAINTS 

3. 4. 9. 3. 7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 

3. 4. 9. 4 SEPARATION OF PAYLOAD FROM ORBITER 

3. 4. 9. 4.1 RMS RELEASES PAYLOAD 

3. 4. 9. 4. 2 SECURE RMS IN PAYLOAD BAY 

3. 4. 9. 5 OPERATIONAL CHECKOUT 

3. 4. 9. 5.1 ACTIVATE TMS SUBSYSTEMS 

3. 4. 9. 5. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3. 4. 9. 5. 3 POWER SUBSYSTEM CHECKOUT 

3. 4. 9. 5. 4 THERMAL SUBSYSTEM CHECKOUT 

3. 4. 9. 5. 5 STRUCTURAL SUBSYSTEM CHECKOUT 

3. 4. 9. 5. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

3. 4. 9. 5. 7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 

3.4.5.5.8 PROPULSION SUBSYSTEM CHECKOUT 

3. 4. 9. 5. 9 CONSUMABLE? LEVELS CHECKOUT 

3. 4. 9. 6 IDENTIFY DEFECTIVE COMPONENT 

3. 4. 9. 6.1 DETERMINE ANDMALOU:} DATA 

3. 4. 9. 6. 2 FORM HYPOTHESIS FOR PROBLEM 

3. 4. 9. 6. 3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 4. 9. 6. 4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3. 4. 9. 6. 5 IDENTIFY FAULTY COMPONENT 

3. 4. 9. 7 IDENTIFY DEFECTIVE SOFTWARE 

3. 4. 9. 7.1 COMPARE MEASURED DATA TO MODEL 

3. 4. 9. 7. 2 DETERMINE ANOMALOUS DATA 

3. 4. 9. 7. 3 FORM HYPOTHESIS FOR PROBLEM 

3. 4. 9. 7. 4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 4. 9. 7. 5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.4.9.8A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3.4.9.8A.1 SWITCH OUT FAULTY COMPONENT 

3.4.9 8A.2 SWITCH IN REDUNDANT COMPONENT 
3.4.9.8A.3 MAKE DIAGNOSTIC CHECKS 
3.4.9.8A.4 UPDATE SPACECRAFT MODEL 

3.4.9. BB COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3.4.9.8B.1 DEFINE ACCESS SEQUENCE 

3.4.9.8B.2 LOCATE ACCESS PANEL 

3.4.9.88,3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 

3. 4. 9. SB. 4 OPEN ACCESS PANEL 

3.4.9.8B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 

3. 4. 9. BE. 6 REMOVE COMPONENT 
3.4.9.8B.7 STORE COMPONENT 

3. 4. 9. SB. e LOCATE NEW COMPONENT 

3. 4. 9. SB. 9 POSITION AND CONNECT NEW COMPONENT 
3.4.9.8B.10 ADJUST COMPONENT 

3. 4. 9. SB. 11 MAKE DIAGNOSTIC CHECKS 
3.4.9.8B.12 CLOSE ACCESS PANEL 
3. 4. 9. SB. 13 STOW REPAIR EQUIPMENT 
3.4,9.0B.“-1 UPDATE SPACECRAFT MODEL 

3. 4. 9. 9 SOFTWARE FAILURE RECOVERY 

3. 4. 9. 9.1 DETERMINE CORRECTION ALGORITHM 

3. 4. 9. 9. 2 DATA/COMMAND ENCODING 

3. 4. 9. 9. 3 DATA/COMMAND TRANSMISSION 

3. 4. 9. 9. 4 COMPUTER FUNCTION CHECKS 
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3.4.9.10 ORBITAL TRANSFER 

3.4.9.10.1 INITIALIZE GUIDANCE SYSTEM 

3.4.9.10.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.4.9.10.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.4.9.10.4 CHOOSE OPTIMAL TRAJECTORY 

3.4.9.10.5 DETERMINE CURRENT ATTITUDE 

3.4.9.10.6 DETERMINE DESIRED ATTITUDE 

3.4.9.10.7 ROTATE SPACECRAFT 

3.4.9.10.8 FIRE THRUSTERS 

3.4.10 STATUS MONITORING AND RESOURCE ALLOCATION 
3.4.10.1 TEMPERATURE MANAGEMENT 

.10.1.1 MEASURE COMPONENT TEMPERATURES 
.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 
.10.1.3 ADJUST COOLING/HEATING SYSTEMS 
POWER MANAGEMENT 

.10.2.1 MEASURE CURRENTS AND VOLTAGES 

.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 
.10.2.3 ADJUST CURRENTS AND VO..TAGES 
.10.2.4 MONITOR BATTERIES 
DATA/COMMAND PROCESSING 

10.3.1 SHORT-TERM MEMORY STORAGE 

10.3.2 LONG-TERM MEMORY STORAGE 

10.3.3 DATA/COMMAND ENCODING 

10. 3. *4 OATA/COMMAND DECODING 

10.3.5 NUMERICAL COMPUTATION 

10. 3. G LOGIC OPERATIONS 

10.3.7 COMPUTER LOAD SCHEDULING 

10.3.8 COMPUTER FUNCTION CHECKS 
CONSUMABLES MANAGEMENT 

,10.4.1 MONITOR PROPELLANT SUPPLIES 

,10.4.2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
,10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
STRUCTURAL MANAGEMENT 
.10.5.1 MEASURE STRAINS IN STRUCTURE 
.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS 

.10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 
.10.5.4 APPLY COMPENSATING FORCES 
APPLY VIBRATION DAMPING 
AVOIDANCE 

AVOID TANK OVERPRESSURES 
MAINTAIN SAFE BATTERY CHARGE LEVELS 
MAINTAIN COMMUNICATION LINKS 

AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 

10.6.5 TRACK NEARBY OBJECTS 

10.6.6 AVOID CONFLICTING OBJECTS 
3.4.10.7 OPTIMAL SEQUENCING 

10.7.1 UPDATE SPACECRAFT MODEL 

10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
,10.7.6 COMPUTE OPTIMAL SEQUENCING 

IDENTIFY DEFECTIVE COMPONENT 
,10.8.1 DETERMINE ANOMALOUS DATA 
,10.8.2 FORM HYPOTHESIS FOR PROBLEM 
10.8.3 DEVISE TEST FDR FAILURE HYPOTHESIS 
,10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
,10.8.5 IDENTIFY FAULTY COMPONENT 
IDENTIFY DEFECTIVE SOFTWARE 

3.4.10.9.1 COMPARE MEASURED DATA TO MODEL 

3.4.10.9.2 DETERMINE ANOMALOUS DATA 

3.4.10.9.3 FORM HYPOTHESIS FOR PROBLEM 

3.4.10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.4.10.9.5 perform TEST FOR FAILURE HYPOTHESIS 
10.10A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3.4.10.10A.1 SWITCH OUT FAULTY COMPONENT 
3.4.10.10A.2 SWITCH IN REDUNDANT COMPONENT 
3.4.10.10A.3 MAKE DIAGNOSTIC CHECKS 
3.4.10.10A.4 UPDATE SPACECRAFT MODEL 
10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3.4.10.10B.1 DEFINE ACCESS SEQUENCE 
3.4.10.10B.2 LOCATE ACCESS PANEL 


3.4 
3.4 
10.5 
3.4 
3.4 
3.4 
3.4 
3.4. 10.5.5 
, 10.6 HAZARD 

3.4. 10.6. 1 

3.4 . 10.6.2 

3.4. 10.6.3 

3.4. 10.6.4 


3 .4 
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3.4.10.10B.& TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
3.4.10.10B.4 OPEN ACCESS PANEL 
3.4.10.10B.5 OBSERVE/UOCATE DEFECTIVE COMPONENT 
3.4.10.10B.G REMOVE COMPONENT 
3.4.10.10B.7 STORE COMPONENT 
3.4.10.10B.8 LOCATE NEW COMPONENT 
3.4.10.10B,9 POSITION AND CONNECT NEW COMPONENT 
3.4. 10. 10B. 10 ADJUST COMPONENT 
3.4 . 10. 10B . 1 1 MAKE DIAGNOSTIC CHECKS 
3.4 . 10. 10B. 12 CLOSE ACCESS PANEL 
3.4. 10. 10B. 13 STOW REPAIR EQUIPMENT 
3.4 . 10. 10B. 14 UPDATE SPACECRAFT MODEL 

3.4.10.11 SOFTWARE FAILURE RECOVERY 

3.4.10.11.1 DETERMINE CORRECTION ALGORITHM 

3.4.10.11.2 DATA/COMMAND ENCODING 

3.4.10.11.3 DATA/COMMAND TRANSMISSION 
J.4.10.11.4 COMPUTER FUNCTION CHECKS 

3.4.10.12 REPORT SYSTEM STATUS 

3.4.10.12.1 DATA/COMMANO ENCODING 

3.4.10.12.2 DATA/COMMAND TRANSMISSION 

3.4.10.12.3 OATA/COMMAND DECODING 

3.4.10.12.4 OATA/COMMAND DISPLAY 

3.5 UNCOOPERATIVE SPACECRAFT/DEBRIS CAPTURE 


In this mission the TMS Is used to capture and dispose of uncooperative 
spacecraft or debris on orbit. 


3.5.1 DESIGN 

3. 5. 1.1 DEFINE REQUIREMENTS 

3.5. 1 .2 MISSION ANALYSIS 

3. 5. 1.3 PAYLOAD ACCOMODATIONS 

3. 5. 1.4 CREATE FUNCTIONAL LAYOUT 

3. 5. 1.5 failure MOOES ANALYSIS 

3.5. 1.6 ADJUST DESIGN FOR MAINTAINANCE AND REPAIR 

3.5. 1.7 CREATE MECHANICAL LAYOUT 

3.5. 1 .B SAFETY REVIEW 

3.5. 1.9 DESIGN OF COMPONENTS 

3.5.1.10 SOFTWARE DEVELOPMENT 

3.5.2 COMPONENT FABRICATION 

3.5.2. 1 PROCURE OFF-THE-Si'.ELF COMPONENTS 

3. 5. 2. 2 PROCURE MATERIALS FOR MANUFACTURED COMPONENTS 

3. 5. 2. 3 PROCURE MANUFACTURING EQUIPMENT 

3. 5. 2. 4 MANUFACTURE COMPONENTS 

3.5.3 COMPONENT TEST 

3.5.3. 1 SET UP TEST FACILITIES 

3. 5. 3. 2 STRUCTURAL LOADS TESTS 

3. 5. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 

3. 5. 3. 4 ANTENNA AND ARRAY DEPLOYMENT TESTS 

3. 5. 3. 5 ELECTRICAL SYSTEMS TESTS 

3.5.3. G THERMAL AND VACUUM TESTS 

3.5.3. 7 THRUSTER TESTS 

3. 5. 3. 8 COMPONENT CERTIFICATION 

3.5.4 SYSTEM INTEGRATION 

3.5.5 SYSTEM TEST 

3.5.5. 1 POWER SUBSYSTEM TESTS 

3. 5. 5. 2 THERMAL SUBSYSTEM TESTS 

3. 5. 5. 3 STRUCTURE SUBSYSTEM TESTS 

3. 5. 5. 4 INFORMATION PROCESSING SUBSYSTEM TESTS 

3. 5. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 

3. 5. 5. 6 ATTITUDE CONTROL SUBSYSTEM TESTS 

3. 5. 5. 7 PROPULSION SUBSYSTEM TESTS 
3. 5, 5. 6 INTEGRATED SYSTEMS TESTS 

3. 5. 5. 9 FAILURE MODES SIMULATION 

3.5.5.10 SYSTEM CERTIFICATION 

3.5.6 SHIPPING TO LAUNCH SITE 

3.5.6. 1 REMOVE TEST EQUIPMENT 

3. 5. 6. 2 PERFORM NECESSARY DISASSEMBLY 

3. 5. 6. 3 PACKING 

3. 5. 6. 4 TRANSPORT TO LAUNCH SITE 

3.5.7A PAYLOAD INTEGRATION AND CHECKOUT (H0RI20NTAL PAYLOAD) 
3.5.7A. 1 UNPACKING 
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3.5.7A.2 PERFORM NECESSARY REASSEMBLY 
3.5.7A.3 INTEGRATED SYSTEMS TESTS 

3.5.7A.3.1 VERIFY POWER SYSTEM FUNCTION 
3.5.7A.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.5.7A.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.5.7A.3.A VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.5.7A.3.5 MISSION SEQUENCE SIMULATION 
3.5.7A.4 TRANSFER TO OPERATIONS AND CHECKOUT BLDG. 

3.5.7A.4.1 LOAD PAYLOAD INTO Ct.YTAlNER 
3.5.7A.4.2 TRANSPORT TO OPERATIONS AND CHECKOUT BLOG. 
3.5.7A.4.3 ATTACH STRONGBACK TO PAYLOAD 
3.5.7A.4.4 INSTALL PAYLOAD IN HORIZONTAL CITE 
3.5.7A.5 INTEGRATE TMS WITH PAYLOAD 
3.5.7A.6 PERFORM INTERFACES CHECK 

3.5.7A.6.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.5.7A.6.2 CHECK ELECTRICAL INTERFACES 
3.5.7A.6.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.5.7A.6.4 CHECK ELECTRICAL INTERFACES 
3.5.7A.7 transfer TMS/PAYLOAD TO ORBITER PROCESSING FACILITY 
3.S.7A.7.1 ATT'*CH STRONGBACK TO PAYLOAD 
3.5.7A.7.2 LOAD PAYLOAD INTO CANISTER 
3.5.7A.7.3 REMOVE STRONGBACK 
3.5.7A.7.4 CLOSE CANISTER 

3.5.7A.7.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
3.5.7A.7.6 UNLOAD CANISTER 
3.5.7A.8 ORBITER/PAYLOAD INTEGRATION (HORIZONTAL) 

3.5.7A.6.1 ATTACH STRONGBACK TO PAYLOAD 
3.5.7A.8.2 INSTALL PAYLOAD IN ORBITER 
3.5.7A.8.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.5,7A.8.4 CHECK ELECTRICAL INTERFACES 
3.5.7A.8.5 REMOVE STRONGBACK 
3.5.7A.8.G CLOSE-OUT PAYLOAD BAY 

3.5.7A.8.7 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
3.5.7B PAYLOAD INTEGRATION AND CHECKOUT (VERTICAL PAYLOAD) 

3.5. 7B. 1 UNPACKING 

3.5.7B 2 PERFORM NECESSARY REASSEMBLY 




3.5.7B.3 integrated SYSTEMS TESTS 

3.5.7B.3.1 VERIFY POWER SYSTEM FUNCTION 
3.5.7B.3.2 VERIFY COMMAND SYSTEM FUNCTION 
3.5.7B.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
3.5.7B3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
3.5.7B.3.5 MISSION SEQUENCE SIMULATION 
3.5. 7B. 4 TRANSFER TO VERTICAL PROCESSING FACILITY 
3.5.7B.4.1 LOAD PAYLOAD INTO CONTAINER 

3.5.7B.4.2 TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 
3.5.7B.4.3 UNLOAD CONTAINER 
3.5.7B.5 INTEGRATE TMS WITH PAYLOAD 
3.5.7B.6 PERFORM INTERFACES CHECK 

3.5.7E.S.1 CHECK TMS/PAYLOAD MECHANICAL INTERFACES 
3.5.7B.G.2 CHECK ELECTRICAL INTERFACES 
3.5.7B.G.3 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
3.5.7B.6.4 CHECK ELECTRICAL INTERFACES 
3.5.7B.7 TRANSFER PAYLOAD TO LAUNCH PAD 

3.5.7B.7.1 LOAD PAYLOAD INTO CANISTER 
3.5.7B.7.2 TRANSPORT TO ROTATING SERVICE STRUCTURE 
3.5.7B.7.3 LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 
3.5.7B.7.4 LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 
3.5.7B.7.5 REMOVE CANISTER 
3.S.7B.8 ORBITER/PAYLOAD INTEGRATION (VERTICAL) 

3.5.7B.8.1 MATE ROTATING SERVICE STRUCTURE TO ORBITER 
3.5.7B.8.2 EXTEND PAYLOAD INTO ORBITER USING PGHM 
3.5.7B.B.3 CONNECT ORBITER/PAYLOAD INTERFACES 
3.5.7B.8.4 CHECK ELECTRICAL INTERFACES 
3.5.7B.8.5 CLOSE-OUT PAYLOAD BAY 

3.5,78.8.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 

3.5.8 COUNTDOWN AND LAUNCH 

3.5.9 ORBITAL DEPLOYMENT AND CHECKOUT 

3.5.9. 1 SHUTTLE ATTAINS DELIVERY ORBIT 

3. 5. 9. 2 TESTS OF ATTACHED PAYLOAD 

3. 5. 9. 2.1 POWER SUBSYSTEM CHECKOUT 

3. 5. 9. 2. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3. 5. 9. 3 EXTENSION OF PAYLOAD FROM PAYLOAD BAY 
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3 . 5 . 9 . 3. 2 ACTIVATE RMS 

OF POOR QLALi'iY 3. 5 . 0 . 3.3 locate grasping fixture on target 

3 . 5 . 9 . 3. 4 MOVE RMS TO FIXTURE 

3. 5. 9. 3. 5 GRASP FIXTURE 
3.5.9.3.G RELEASE PAYLOAD RESTRAINTS 

3. 5. 9. 3. 7 TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 

3. 5. 9. 4 SEPARATION OF PAYLOAD FROM ORBITER 

3. 5. 9. 4.1 RMS RELEASES PAYLOAD 

3. 5. 9. 4. 2 SECURE RMS IN PAYLOAD BAY 

3. 5. 9. 5 OPERATIONAL CHECKOUT 

3. 5. 9. 5.1 ACTIVATE TMS SUBSYSTEMS 

3. 5. 9. 5. 2 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3. 5. 9. 5. 3 POWER SUBSYSTEM CHECKOUT 
3. 5. 0.5. 4 THERMAL SUBSYSTEM CHECKOUT 

3. 5. 9. 5. 5 STRUCTURAL SUBSYSTEM CHECKOUT 
3.5.9.5.G COMMUNICATIONS SUBSYSTEM CHECKOUT 

3. 5. 9. 5. 7 ATTITUDE CONTROL SUBSYSTEM CHECKOUT 

3. 5. 9. 5. 8 PROPULSION SUBSYSTEM CHECKOUT 
3 5. 9. 5. 9 CONSUMABLES LEVELS CHECKOUT 

3.5.9.G IDENTIFY DEFECTIVE COMPONENT 

3. 5. 9. 6.1 DETERMINE ANOMALOUS DATA 

3. 5. 9. 6. 2 FORM HYPOTHESIS FOR PROBLEM 

3. 5. 9. 6. 3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 5. 9. 6. 4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3. 5. 9. 6. 5 IDENTIFY FAULTY COMPONENT 
3. 5. 9. 7 IDENTIFY DEFECTIVE SOFTWARE 

3. 5. 9. 7.1 COMPARE MEASURED DATA TO MODEL 

3. 5. 9. 7. 2 DETERMINE ANOMALOUS DATA 

3. 5. 9. 7. 3 FORM HYPOTHESIS FOR PROBLEM 

3.5 9.7.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3. 5. 9. 7. 5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.5.9.8A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3. 5. 9. BA. 1 SWITCH OUT FAULTY COMPONENT 

3. 5. 9. BA. 2 SWITCH IN REDUNDANT COMPONENT 

3. 5. 9. BA. 3 MAKE DIAGNOSTIC CHECKS 
3.5.S.8A.4 UPDATE SPACECRAFT MODEL 

3.5,9.8B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3, 5. 9. SB. 1 DEFINE ACCESS SEQUENCE 

3.5.9. BB.2 LOCATE ACCESS PANEL 

3. 5. 9. SB. 3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
3.5.9.8B.4 OPEN ACCESS PANEL 

3.5.9.8B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 

3.S.9.8B.6 REMOVE COMPONENT 

3.5.9.8B.7 STORE COMPONENT 

3.5.9.8B.8 LOCATE NEW COMPONENT 

3.5.9.8B.9 POSITION AND CONNECT NEW COMPONENT 

3.5.9.8B.10 ADJUST COMPONENT 

3.5.9.88,11 MAKE DIAGNOSTIC CHECKS 

3.5.9. BB.12 CLOSE ACCESS PANEL 

3.5.9. BB.13 STOW REPAIR EQUIPMENT 

3.5.9. BB.14 UPDATE SPACECRAFT MODEL 

3. 5. 9. 9 SOFTWARE FAILURE RECOVERY 

3. 5. 9. 9.1 DETERMINE CORRECTION ALGORITHM 

3. 5. 9. 9. 2 DATA/COMMAND ENCODING 

3. 5. 9. 9. 3 DATA/COMMAND TRANSMISSION 

3. 5. 9. 9. 4 COMPUTER FUNCTION CHECKS 

3.5.9.10 ORBITAL TRANSFER 

3.5.9.10.1 INITIALIZE GUIDANCE SVSTEM 

3.5.9.10.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.5.9.10.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.5.9.10.4 CHOOSE OPTIMAL TRAJECTORY 

3.5.9.10.5 DETERMINE CURRENT ATTITUDE 

3.5.9.10.6 DETERMINE DESIRED ATTITUDE 

3.5.9.10.7 ROTATE SPACECRAFT 

3.5.9.10.8 FIRE THRUSTERS 

3.5.10 STATUS MONITORING AND RESOURCE ALLOCATION 

3.5.10.1 TEMPERATURE MANAGEMENT 

3.5.10.1.1 MEASURE COMPONENT TEMPERATURES 

3.5.10.1.2 COMPARE TEMPERATURES TO REQUIRED LIMITS 

3.5.10.1.3 ADJUST COOLING/HEATING SYSTEMS 

3.5.10.2 POWER MANAGEMENT 
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3.5.10.2.1 MEASURE CURRENTS AND VOLTAGES 

3.5.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

3.5.10.2.3 ADJUST CURRENTS AND VOLTAGES 

3.5.10.2.4 MONITOR BATTERIES 

3.5.10.3 DATA/COMMAND PROCESSING 

3.5.10.3.1 SHORT-TERM MEMORY STORAGE 

3.5.10.3.2 LONG-TERM MEMORY STORAGE 

3.5.10.3.3 DATA/COMMAND ENCODING 

3.5.10.3.4 DATA/COMMAND DECODING 

3.5.10.3.5 NUMERICAL COMPUTATION 

3.5.10.3.6 LOGIC OPERATIONS 

3.5.10.3.7 COMPUTER LOAD SCHEDULING 
3.5. 10. 3. B COMPUTER FUNCTION CHECKS 

3.5.10.4 CONSUMABLES MANAGEMENT 

3.5.10.4.1 MONITOR PROPELLANT SUPPLIES 

3.5.10.4.2 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.5.10.4.3 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 

3.5.10.5 STRUCTURAL MANAGEMENT 

3.5.10.5.1 MEASURE STRAINS IN STRUCTURE 

3.5.10.5.2 COMPUTE STRESS AND VIBRATION PARAMETERS 

3.5.10.5.3 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 

3.5.10.5.4 APPLY COMPENSATING FORCES 

3.5.10.5.5 APPLY VIBRATION DAMPING 

3.5.10.6 HAZARD AVOIDANCE 

3.5.10.6.1 AVOID TANK OVERPRESSURES 

3.5.10.6.2 MAINTAIN SA^E BATTERY CHARGE LEVELS 

3.5.10.6.3 MAINTAIN COMMUNICATION LINKS 

3.5.10.6.4 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 

3.5.10.6.5 TRACK NEARBY OBJECTS 

3.5.10.6.6 AVOID CONFLICTING OBJECTS 

3.5.10.7 OPTIMAL SEQUENCING 

3.5.10.7.1 UPDATE SPACECRAFT MODEL 

3.5.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3.5.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

3.5.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.5.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

3.5.10.7.6 COMPUTE OPTIMAL SEQUENCING 

3.5.10.8 IDENTIFY DEFECTIVE COMPONENT 

3.5.10.8.1 DETERMINE ANOMALOUS DATA 

3.5.10.8.2 FORM HYPOTHESIS FOR PROBLEM 

3.5.10.8.3 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.5.10.8.4 PERFORM TEST FOR FAILURE HYPOTHESIS 

3.5.10.8.5 IDENTIFY FAULTY COMPONENT 

3.5.10.9 IDENTIFY DEFECTIVE SOFTWARE 

3.5.10.9.1 COMPARE MEASURED DATA TO MODEL 

3.5.10.9.2 DETERMINE ANOMALOUS DATA 

3.5.10.9.3 FORM HYPOTHESIS FOR PROBLEM 

3.5.10.9.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

3.5.10.9.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
3.5.10.10A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

3.5.10.10A.1 SWITCH OUT FAULTY COMPONENT 
3.5.10.10A.2 SWITCH IN REDUNDANT COMPONENT 
3.5.10.10A.3 MAKE DIAGNOSTIC CHECKS 
3.5.10.10A.4 UPDATE SPACECRAFT MODEL 
3.5.10.10B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

3.5.10.10B.1 DEFINE ACCESS SEQUENCE 
3.5.10.10B.2 LOCATE ACCESS PANEL 

3.S.10.10B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
3.5.10.10B.4 OPEN ACCESS PANEL 

3.5.10.10B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
3.5.10.10B.6 REMOVE COMPONENT 
3.5.10.10B.7 STORE COMPONENT 
3.5.10.10B.8 LOCATE NEW COMPONENT 
3.5.10.10B.9 POSITION AND CONNECT NEW COMPONENT 
3.5. 10. 10B. 10 ADJUST COMPONENT 
3.5. 10. 10B, 11 MAKE DIAGNOSTIC CHECKS 
3.5. 10. 10B. 12 CLOSE ACCESS PANEL 
3.5. 10. 10B. 13 STOW REPAIR EQUIPMENT 
3.5. 10. 10B. 14 UPDATE SPACECRAFT MODEL 
3.5.10.11 SOFTWARE FAILURE RECOVERY 

3.5.10.11.1 DETERMINE CORRECTION ALGORITHM 

3.5.10.11.2 DATA/COMMAND ENCODING 
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3.5.10.11.3 DATA/COMMAND TRANSMISSION 

3.5.10.11.4 COMPUTER FUNCTION CHECKS 
10.12 REPORT SYSTEM STATUS 

3.5.10.12.1 DATA/COMMAND ENCODING 

3.5.10.12.2 DATA/COMMAND TRANSMISSION 

3.5.10.12.3 DATA/COMMAND DECODING 

3.5.10.12.4 DATA/COMMAND DISPLAY 
3.5.11 CAPTURE UNCOOPERATIVE SPACECRAFT/DEBRIS 

3.5.11. 1 ADJUST ORBIT 

3.5.11.1.1 INITIALIZE GUIDANCE SYSTEM 
.2 DETERMINE CURRENT ORBITAL PARAMETERS 
,3 DETERMINE DESIRED ORBITAL PARAMETERS 
.4 CHOOSE OPTIMAL TRAJECTORY 
.5 FIRE THRUSTERS 

3.5.11.2 ADJUST ATTITUDE 

3.5.11.2.1 DETERMINE CURRENT ATTITUDE 

3.5.11.2.2 DETERMINE DESIRED ATTITUDE 

3.5.11.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

3.5.11.2.4 CHOOSE OPTIMAL TRAJECTORY 

3.5.11.2.5 ROTATE SPACECRAFT 
OPTIMAL CONTROL ALLOCATION 


3.5.11, 

3.5.11, 

3.5.11, 

3,5.11 


3.5. 


11.3 

3.5.11 

3.5.11 

3.5.11 

3.5.11 

3.5.11 
3.5 
3.5 
3.5 


,3,1 UPDATE SPACECRAFT MODEL 

,3,2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
,3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 
,3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
,3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

11.3.6 CHOOSE OPTIMAL CONTROL MODE 

11.3.7 COMPUTE CONTROL COMMANDS 
3.8 EXECUTE CONTROL COMMANDS 


1 1 

3.5.11.4 CAPTURE SPACECRAFT/DEBRIS 


Tht TMS is expected to use a dedicated debris capture device for this 
act i V 1 ty . 


3.5.11.4.1 OBSERVE TUMBLING SPACECRAFT 

3.5.11.4.2 DETERMINE SPACECRAFT PRINCIPAL SPIN AXIS 

3.5.11.4.3 SPIN UP DEBRIS CAPTURE DEVICE 


This breakdown assumes a spinnable debris capture device. Other systems 
for debris detumbling and capture are possible. 


3.5. 11 .4.4 GRASP FIXTURE 

3.5.11.4.5 BRAKE DEBRIS CAPTURE DEVICE 
3.5.12 INSERT SPACECRAFT/DEBRIS INTO REENTRY TRAJECTORY 


This sequence may be omitted if It is desired to return the 
spacecraf t/debris to the Orb iter. 


3.5.12.1 ORBITAL TRANSFER (OF TMS/SPACECRAFT ) 

3.5.12.1.1 INITIALIZE GUIDANCE SYSTEM 

3.5.12.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.5.12.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

3.5.12.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.5.12.1.5 DETERMINE CURRENT ATTITUDE 

3.5.12.1.6 DETERMINE DESIRED ATTITUDE 

3.5.12.1.7 ROTATE SPACECRAFT 

3.5.12.1.8 FIRE THRUSTERS 

3.5.12.2 RELEASE SPACECRAFT/DEBRIS AND REBOOST TMS 

3.5.12.2.1 RELEASE SPACECRAFT FROM DEBRIS CAPTURE DEVICE 

3.5.12.2.2 INITIALIZE GUIDANCE SYSTEM 

3.5.12.2.3 DETERMINE CURRENT ORBITAL PARAMETERS 

3.5.12.2.4 DETERMINE DESIRED ORBITAL PARAMETERS 

3.5.12.2.5 CHOOSE OPTIMAL TRA JECTOi.,' 

3.5.12.2.6 DETERMINE CURRENT ATTITUDE 

3.5.12.2.7 DETERMINE DESIRED ATTITUDE 

3.5.12.2.8 ROTATE SPACECRAFT 

3.5.12.2.9 FIRE THRUSTERS 
3.5,13 RENDEZVOUS WITH ORBITER 

3.5.13.1 ORBITAL TRANSFER (OF TMS) 

3.5.13.1.1 INITIALIZE GUIDANCE SYSTEM 

3.5.13.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.5.13.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
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3.5.13.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.5.13.1.5 DETERMINE CURRENT ATTITUDE 

3.5.13.1.6 DETERMINE DESIRED ATTITUDE 

3.6.13.1.7 ROTATE SPACECRAFT 

3.5.13.1.8 FIRE THRUSTERS 

3.5.13.2 SHUTDOWN TMS FOR RETRIEVAL 

3.5.13.2.1 STOW TMS ANTENNA 

3.5.13.2.2 DEACTIVATE TMS SUBSYSTEMS 

3.5.14 RETRIEVAL BY ORBITER 

3.5.14.1 ADJUST ORBIT (OF ORBITER) 

3.5.14.1.1 INITIALIZE GUIDANCE SYSTEM 

3.5.14.1.2 DETERMINE CURRENT ORBITAL PARAMETERS 

3.5.14.1.3 DETERMINE DEST^ED ORBITAL PARAMETERS 

3.5.14.1.4 CHOOSE OPTIMAL TRAJECTORY 

3.5.14.1.5 FIRE THRUSTERS 

3.5.14.2 ADJUST ATTITUDE (OF ORBITER) 

3.5.14.2.1 DETERMINE CURRENT ATTITUDE 

3.5.14.2.2 DETERMINE DESIRED ATTITUDE 

3.5.14.2.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

3.5.14.2.4 CHOOSE OPTIMAL TRAJECTORY 

3.5.14.2.5 ROTATE SPACECRAFT 

3.5.14.3 OPTIMAL CONTROL ALLOCATION 

3.5.14.3.1 UPDATE SPACECRAFT MODEL 

3.5.14.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

3.5.14.3.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

3.5.14.3.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

3.5.14.3.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

3.5.14.3.6 CHOOSE OPTIMAL CONTROL MODE 

3.5.14.3.7 COMPUTE CONTROL COMMANDS 

3.5.14.3.8 EXECUTE CONTROL COMMANDS 

3.5.14.4 ORBITER RECOVERY OF TMS 

3.5.14.4.1 ACTIVATE RMS 

3.5.14.4.2 LOCATE GRASPING FIXTURE ON TARGET 

3.5.14.4.3 MOVE RMS TO FIXTURE 

3.5. 14.4.4 GRASP FIXTURE 

3.5.14.4.5 LOCATE CRADLE IN PAYLOAD BAY 

3.5.14.4.6 TRANSLATE PAYLOAD TO CRADLE 

3.5.14.4.7 FASTEN PAYLOAD RESTRAINTS 

3.5.14.4.8 RMS RELEASES PAYLOAD 

3.5.14.4.9 SECURE RMS IN PAYLOAD BAV 

3.5.15 REENTRY AND LANDING 

3.5.16 POST-FLIGHT OPERATIONS 

3.5.16.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 

3.5.16.2 REMOVAL OF PAYLOADS FROM ORBITER 
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2 .A. 5 


SPACE PLATFORM 


OF POOR QUALITY 


Th« ppitnapy soupco of Infopmatlon fop th« details of this bpeakdown was tha 
MatePlals Expeplent CbppIop Concepts Definition Study, completed In Fabpuary 
1981 by TRW. Volumes III thpough V contain neanly-ldentlcal sections on 
mission analysis and bpeakdown. Volume III also supplied useful Infopmatlon 
on design and on tPade-offs. 


4 SPACE PLATFORM (SP) 

4.1A MATERIALS EXPERIMENT CARRIER (UNSERVICED. SINGLE-SORTIE) 
4. 1A.1 DESIGN 

4.1A.1.1 DEFINE REQUIREMENTS 
4.1A.1.2 SELECT EXPERIMENTAL PACKACES 


The Matopials Expepiment Capplen (MEC) can accept experimental packages 
within specified size, weight, and sDPvIce envelopes. Cuppont candidate 
expepifflonts fop MEC missions Include contalnerless metals processes, zopo-q 
crystal growth, metal solidification, float zone processes, and coll 
cultures. Experiments of similar needs and time duration should be grouped 
together on missions In order to fully utilize the MEC while on-orbit. 


4.1A.1.3 MISSION ANALYSIS 


Given the relatively large power needs of materials processing experiments, 
and the need for MEC servicing and deployment by the Shuttle, optimal 
orbital characteristics for MEC/Space Platform missions provide both 
maximum average SP power output and convienient Shuttle access. These two 
criteria favor orbits of different Inclinations (high Incl . for power, low 
Incl. for best access) so engineering tradeoffs become necessary. Careful 
consideration must bei made of experiment weight vs. power needs before 
mission outlines are constructed. 


4.1A.1.4 PAYLOAD ACCOMODATIONS 


Determine all subsystem Interactions such as data transmission, power use, 
thermal dissipation, and structural loads. 


4.1 A. 1.5 CREATE FUNCTIONAL LAYOUT 


The component specifications should be compatible with available technology, 
should be fabrlcable within time constraints, and should comply with the 
functional layout. 


4.1 A. 1,6 CREATE MECHANICAL LAYOUT 

4.1 A. 2 COMPONENT FABRICATION 

4.1A.2.1 PROCURE OFF-THE-SHELF COMPONENTS 

4.1 A. 2. 2 PROCURE MATERIALS FOR MANUFACTURE OF COMPONENTS 
4.1A.2.3 PROCURE MANUFACTURING EQUIPMENT 

4.1 A. 2. 4 MANUFACTURE COMPONENTS 
4 . 1A.3 COMPONENT TEST 


Verify that when components are gi ouped Into subsystems they can perform all 
functional layout operations. 


4.1A.3.1 SET UP TEST FACILITIES 
4.1A.3.2 STRUCTURAL LOADS TESTS 


The structure or a functional mockup will be exposed to various vibration 
loads to verify structural integrity 


4.1A.3.3 DATA PROCESSING AND SOFTWARE TESTS 


Verify software by Input Ing data which simulates expected operational Inputs, 
but has been previously processed so the proper output Is known. This nominal 
output Is compared to the output of the flight software to verify Its proper 
operation. Software Interfaces may exist between many of the systems onboard, 
depending on the final design. For Instance, the furnace heating system may 
be directly linked to the temperature control system. These Interfaces must 
be tested for proper operation by actual Installment and operation simulation 
(I.e. simulated thermal input to test the temperature control link) since 
their failure could be detrimental to several systems. Note that In the event 
of a fault detected during flight, software can be dumped and new software can 
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4.1A.3.4 SOUR ARRAY DEPLOYMENT TESTS 


Simulatad solar array powar is supplied to the power 
managemant/condl t loning subsystem. This system Is eommandad to supply 
various voltages and currents to other subsystems. These quantities are 
measured under real or simulated loads and (Compared against nominal 
performance. 


4.1A.3.B CHECK RF PATTERN 
4.1A.3.6 ELECTRICAL SYSTEMS TESTS 
4.1 A. 3. 7 THERMAL VACUUM TESTS 
4.1A.3.8 COMPONENT CERTIFICATION 
4.1A.4 SYSTEM INTEGRATION 

4.1A.4.1 RECEIVE AND SORT COMPONENTS 
4.1A.4.2 POSITION AND ORIENT COMPONENT 
4.1A.4.3 ATTACH COMPONENTS 
4. 1A,5 SYSTEM TEST 

4.1A.5.1 POWER SUBSYSTEM TEST 

4.1A.5.2 THERMAL SUBSYSTEM TESTS 

4.1A.5.3 INFORMATION PROCESSING SUBSYSTEM TESTS 


Verify that the data relay and storage systems meet design specif icat Ions. 


4.1A.5.4 STRUCTURE SUBSYSTEM TESTS 
4.1A.S.5 COMMUNICATIONS SUBSYSTEM TESTS 
4.1A.5.6 INTEGRATED SYSTEMS TEST 
4.1A.5.7 FAILURE MODES SIMULATION 
4.1A.5.B SYSTEM CERTIFICATION 
4.1A.6 PAYLOAD INSTALLATION AND TRANSPORT 

4.1A.6.1 INSTALLATION OF EXPERIMENTAL PACKAGES 


Experimental packages will be designed and constructed, separately from the 
MEC, by the sponsoring researcher or company. Packages will have to meet 
specified powar use, size, weight, interface, environment, and safety 
criteria. Packages will be integrated and tested with the MEC after the 
MEC Itself has been assembled and checked-out. F.P/MEC integration will 
take place at the MEC contractor's facility. 


4.1A.6.2 TESTING AT INTEGRATION SITE 


EP/MEC system performance and compatibllty checkouts will be done at the 
MEC contractor's facility. 


4.1A.6.3 REMOVE TEST EQUIPMENT 
4.1A.6.4 PERFORM NECESSARY OISASSEMBLY 


The full MEC assembly (Including experimental packages) will be safed 
before partial disassembly for packing. Transportation to launch site will 
probably be by truck. 


4 . 1A .6 .5 PACKING 

4.1A.6.6 TRANSPORT TO LAUNCH SITE 
4.1A.7 ORBITER/PAYLOAD INTEGRATION AND CHECKOUT 
4. 1A.7. 1 UNPACKING 

4.1A.7.2 PERFORM NECESSARY REASSEMBLY 
4.1A.7.3 INTEGRATED SYSTEMS TESTS 

4.1A.7.3.1 VERIFY POWER SYSTEM FUNCTION 
4.1A.7.3.2 VERIFY COMMAND SYSTEM FUNCTION 
4.1A.7.3.3 VERIFY MECHANICAL SYSTEM FUNCTION 
4.1A.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
4.1A.7.4 PERFORM INTERFACES CHECK 

4.1A.7.4.1 CHECK EXPERIMENTAL PACKAGE INTERFACE 
4.1A.7.4.2 CHECK SHUTTLE/PAYLDAU MECHANICAL INTERFACES 
4.1A.7.4.3 CHECK ELECTRICAL INTERFACES 
4.1A.7.5 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY 
4.1 A. 7. 5.1 ATTACH STRONGBACK TO PAYLOAD 
4.1A.7.5.2 LOAD PAYLOAD INTO CANISTER 
4.1A.7.5.3 REMOVE STRONGBACK 
4.1A.7.5.4 CLOSE CANISTER 

4.1A.7.5.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
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4.1A.7.G ORBITER/PAYLOAD INTEGRATION 

4,1 A. 7, 6.1 ATTACH STRONGBACK TO PAYLOAD 
4.1A.7.6.2 INSTALL PAYLOAD IN ORfllTER 
4.1A.7.6.3 CONNECT ORBITLR/>AYLOAO INTERFACES 
4.1A.7.6.4 CHECK ELECTRICAL tvNTERFACES 
4.1A.7.6.S CLOSE-OUT PAYLOAD BAV 

4.1A.7.6.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
4.1A.76.7 INSTALLATION OF QMS KIT 
1A.8 COUNTDOWN AND LAUNCH 
1A.0 ORBITAL DEPLOYMENT AND CHECKOUT 

41A.9.1 ORBITER/SP RENDEZVOUS AND CAPTURE 

4.1A.9.1.1 DETERMINE CURRENT ORBITAL PARAMETERS 
4.1A.9.1.2 DETERMINE CURRENT ATTITUDE 
4.1A.9.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 
4.1A.9.1.4 CHOOSE OPTIMAL TRA>ECTORY 


tia U 


An optltnnl trajectory for SP/MEC rendevous with the Shuttle consume* 
minimum SP propellant, within flight-time constraints. The consequencos of 
micro-gravi ty levels induced from maneuvers and the possible sun-shielding 
needs of other SP payloads must also be considered. 


4. U. 9. 1.5 RETRACT SOLAR ARRAYS 


Upon signal, the Space Platform will withdraw its deployable solar arrays 
and radiators. This action is necessary to prevent damage or loss of those 
systems during SP orbital maneuvers. 


4.1A.9.1.6 RETRACT RADIATORS 
4.1A.9.1.7 ORIENT THRUSTERS 
4 . 1A .9. 1 .8 FIRE thrusters 

4.1A.9.1.P ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 


Alignment and matthi.'ig before docking win be accomplished with the 
attitude control systems on both the and the Orbiter. 


4.1A.9.1.10 OPEN PAYLOAD BAY DOORS 
4. 1A. 9. 1.11 ACTIVATE DOCKING .DAPTER 

4. 1A. 9, 1.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 


The SP will bo secured with the Orbiter docking adapter during payload 
operat ions . 


4.1A.9.;.13 SP BERTHING ON DOCKING ADAPTER 
4. 1A.9. 1 . 14 ACTIVATE RMS 

4.1A.9.2 REMOVE OLD SP PAYLOAD FROM TARGET BERTH 


A payload occupying the Space Platform berth designated for the MEC must be 
removed and stowed In the Orbiter cargo bay before MEC attachment to the 
SP. 


4.1 A. 9. 2.1 OPEN PAYLOAD BAY DOORS 
4.1A.9.2.2 LOCATE GRASPING FIXTURE ON TARGET 
4. 1A.9.2.3 GRASP FIXTURE 
4.1A.9.2 4 RELEASE PAYLOAD RESTRAINTS 
4,1A.g,2.5 STOW OLD PAYLOAD IN ORBITER 
4.1 A. 9. 3 DEPLOY NEW PAYLOAD FROM PAYLOAD BAY 
4.1A.9.3.1 LOCATE NEW PAYLOAD 
4, 1A.9.3.2 GRASP FIXTURE 
4.1A.9.3.3 RELEASE PAYLOAD RESTRAINTS 
4.1 A. 9. 3. 4 ATTACH NEW PAYLOAD TO SP 


After sensory Indication of Interface alignment, the MEC is mated with the 
SP docking berth. 


4.1A.9.4 OPERATIONAL CHECKOUT 


The systems' status is observed after full deployment and systems 
act 1 vat 1 on . 


4. 1A.9.4. 1 
4 . IA.9,4 .2 
4 . 1A .9 .4 . 3 


ACTIVATE SUBSYSTEMS 
POWER SUBSYSTEM CHECKOUT 
THERMAL SUBSYSTEM CHECKOUT 
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4.1A.9.4.-< INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
4.1 A. 9. 4. 6 STRUCTURE SUBSYSTEM CHECKOUT 
4.1A.9.4.6 COMMUNICATIONS SUBSYSTEM CHECKOUT 
4.1 A. 9. 4. 7 SP/PAVLQAO INTERFACE CHECKOUT 
4.1A.9.4.8 CONSUMABLES LEVELS CHECKOUT 
4.1A.9.4.9 COMPARE MEASURED DATA TO MODEL 
4.1A.9.5 IDENTIFY DEFECTIVE COMPONENT 
4.1A.9.5.1 DETERMINE ANOMALOUS DATA 
4.1A.9.B.2 FORM HYPOTHESIS FOR PROBLEM 
4.1A.9.B.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
4.1A.9.5.4 PERFORM TEST FOR FAILURE HYPOTHESIS 
4.1A.0.B.B IDENTIFY FAULTY COMPONENT 
4.1A.9.6 IDENTIFY OEFECITVE SOFTWARE 

4.1 A. 8. 6.1 COMPARE MEASURED DATA TO MODEL 
4.1A.8.6.2 DETERMINE ANOMALOUS DATA 
4.1A.9.6.2 FORM HYPOTHESIS FOR PROBLEM 
4.1A.9.6.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
4.1A.9.6.5 PERFORM TEST FOR FAILURE HYPOTHESIS 
4.1A.9.7A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

4.1A.9.7A.1 SWITCH OUT FAULTY COMPONENT 

4.1 A. 9. 7 A. 2 Sl/ITCH IN REDUNDANT COMPONENT 
4.1A.9.7A.3 MAKE DIAGNOSTIC CHECKS 
4.1A.9.7A.4 UPDATE SPACECRAFT MODEL 
4.1A.9.7B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

4.1A.9.7B.1 DEFINE ACCESS SEQUENCE 
4.1A.9.7B.2 LOCATE ACCESS PANEL 

4.1A.9.7B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
4.1A.9.7B.4 OPEN ACCESS PANEL 
4.1A.9.7B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
4.1A.9.7B.G REMOVE COMPONENT 
4.1A.9.7B.7 STORE COMPONENT 
4.1A.9.7B.8 LOCATE NEW COMPONENT 
4.1A.9.7B.9 POSITION AND CONNECT NEW COMPONENT 
4.1A.9.7S.10 ADJUST COMPONENT 
4.1A.9.7B.11 MAKE DIAGNOSTIC CHECKS 
4.1A.9.7B.12 CLOSE ACCESS PANEL 
41A.9.7B.13 STOW REPAIR EQUIPMENT 
4.1A.9.7B.14 UPDATE SPACECRAFT MODEL 
4.1A.9.8 SOFTWARE FAILURE RECOVERY 

4.1A.9.8.1 determine CORRECTION ALGORITHM 

4.1 A. 9. 8. 2 DATA/COMMAND ENCODING 

4.1 A. 9. 8. 3 data/command TRANSMISSION 
4.1A.9 8.4 COMPUTER FUNCTION CHECKS 

4.1A.9.9 SEPARATION OF SP FROM ORBITER 

4.1A.9.9.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 

4.1A.9.9.2 UNDOCKING OF ORBITER FROM SP 

4.1A.9.9.3 determine CURRENT ORBITAL PARAMETERS 

4.1A.9.9.4 DETERMINE CURRENT ATTITUDE 

4.1A.9.9.5 DETERMINE DESIRED ORBITAL PARAMETERS 

4.1A.9.9.6 CHOOSE OPTIMAL TRAJECTORY 

4.1A.9.9.7 RETRACT SOLAR ARRAYS 

4.1A.9.9.8 RETRACT RADIATORS 

4.1A.9.9.9 ORIENT THRUSTERS 

4.1A.9.9.10 FIRE THRUSTERS 

4.1A.9.9.11 ACTIVATE SUBSYSTEMS 

4.1 A. 9. 9. 12 POWER SUBSYSTEM CHECKOUT 
4.1A.9.9.13 THERMAL SUBSYSTEM CHECKOUT 
4.1A.9.9.14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
4.1A.9.9.15 STRUCTURE SUBSYSTEM CHECKOUT 
4.1A.9.9.16 COMMUNICATIONS SUBSYSTEM CHECKOUT 
4.1A.9.9.17 SP/PAYLOAD INTERFACE CHECKOUT 
4.1A.9.9.18 CONSUMABLES LEVELS CHECKOUT 
4.1A.9.9.19 COMPARE MEASURED DA^A TO MODEL 
4.1A.9.9.20 DEPLOY SOLAR ARRAYS 

4.1A.9.9.21 DEPLOY RADIATORS 

4.1 A. 10 STATUS MONITORING AND RESOURCE ALLOCATION 


This Is primarily allocation of power and thermal dump capacity. 

Experiments provide their own materials, but must share power and thermal 
systems. Resource allocation Is a scheduling procedure to prevent overload 
of the power and thermal subsystems. 
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d 1 TEMPERATURE MANAGEMENT 

4 1A 10 1 1 MEACURE CriMPCNENT TEMPERATURES 
d 1A.10 1 2 COMPARE TEMPERATURE TO REQUIRED LIMITS 
4 1A 10 1 3 ADJUST COOUING/HEATING GV3TEM5 
4.1A 10.2 POWER MANAGEMENT 

4 1A.10 2 1 MEASURE CURRENTS AND VOLTAGES 

4. Ifl 10.2.2 COMPARE CURRENTS AND VOLTAGES TO REOUIRED LIMITS 
4 1 A. 10 2 3 EVALUATE BATTERY CHARGING PERFORMANCE 
4.1A 10 2 4 ADJUST CURRENTS ANO VOuTAGES 
4 1A 10.2 5 ADJUST BATTERY CHARGING CYCLE 
4 1 A. 10 3 DATA/COMMAND PROCESSING 

4 1 A. 10.3 1 short-term memory storage 

4 1 A. 10.3.2 LONG-TERM MEMORY STORAGE 
4 1A 10.3.3 DATA/COMMAND ENCODING 
4 1 A. 10,3 4 OATA/COMMAND DECODING 
4.1A 10 3 5 NUMERICAL COMPUTATION 
4 1A.10.3 C LOGIC OPERATIONS 
4 1A.10.3 7 COMPUTER LOAD SCHEDULING 
4.1A 10 3 6 COMPUTER FUNCTJON CHECKS 
4., A, 10. 4 consumables MANAGEMENT 


Misny onboard Gxponmonts roquiro cuppHoE of cryogono or materloltj for 
operation which muBt bo periodically repioced. If a cuppiy is depleted 
faster than oxpoeted. its storago-mpn i tor mg device signals that the supply 
is low. It may also prodiet in advance that a supply will bo depleted. 


4 1A. 10.4.1 MONITOR GAS SUPPLIES 
4,14,10.4.2 MONITOR PROPELLANT SUPPLIES 
4.1A 10.4 3 MONITOR COOLING SYSTEM SUPPLIES 

4 1A.10.4 4 PROJECT consumables REQUIREMENTS FROM MISSION PROFILE 
4.1A.10.4 5 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
4.1A 10.5 structural MANAGEMENT 

4. 1A 10.5.1 MEASURE STRAINS IN STRUCTURE 
4 1A 10.5 2 MEASURE RELATIVE DISPLACEMENTS* 

4.1A.10.D 3 COMPUTE STRESS AND VIBRATION PARAMETERS 

4.1A.10.S 4 COMPARE STRESS ANO VIBRATION PARAMETERS TO REOUIRED LIMITS 
4. 1A. 10.5.5 APPLY COMPENSATING FORCES 
4.1A 10.5 6 APPLY VIBRATION DAMPING 
4.1A.10.6 HAZARD AV'OIOANCE 

4.1A.10 6 1 AVOID TANK OVERPRESSURES 
4 1A 10.6 2 maintain SAFE BATTERY CHARGE LEVELS 
4. 1A. 10.6.3 MONITOR M I CRO-GRAVI T V LEVELS 
4.1A.10 6 4 MAINTAIN COMMUNICATION LINKS 

4.1A 10.6 5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 
4 1A.10.7 OPTIMAL StOUENCING 


Prog'-oBB of each experiment relative to the planned miBSlon Ghould be 
monitored, and notificotion given to the principol invoGtigator If time 
delays caused by mechanical or other problems will cause Cta t 1 onkeop 1 ng or 
other manouvors to overlap with an experiment In progress. If necessary, 
experiments may be rescheduled to allow for these problems. 


4. 1A. 10.7 1 UPDATE SPACECRAFT MODEL 

4. 1A. 10,7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
4. 1A. 10.7 3 estimate RISKS FROM DESIRED FUNCTIONS 
4 1A.10.7 4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
4.1A 10,7 S DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
4. 1A 10.7,6 COMPUTE OPTIMAL SEQUENCING 
4.1A.10.8 identify DEFECTIVE COMPONENT 
4. 1A. 10.8.1 DETERMINE ANOMALOUS DATA 
4, 1A. 10.8.2 FORM HYPOTHESIS FOR PROBLEM 
4.1A 10,9 REPORT SYSTEMS STATUS 

4.1 A. 10.9.1 DATA 'COMMAND ENCODING 
4. 1A 10.9.2 DATA/COMMAND TRANSMISSION 
4. 1A. 10.9.3 DAI A/COMMAND DECODING 
4 1A. 10.9 4 DATA/COMMAND DISPLAY 
4.1A.11A pre-experiment OPERATIONS (SOLIDS) 

4 1A.11A.1 transfer sample FROM STORAGE TO FURNACE 
4.1A.11A,1.1 IDENTIFY SHAPE, SIZE IN BIN 


Each EP will include its own uniquely shaped and marvod samples. 
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4.1A.11A.1.2 MATCH WITH SAMPLE MODEL 
4.1A.11A.1.3 POSITION MANIPULATOR (ON RAILS) 


The grasping apparatus will be mov'ed to a preset location in the sample 
storage bay. 


4. 1A, 


. 1A 
1 iA 


1 1A. 1 .4 
11A.1.5 


1A 
1A 

1A. 1 1A, 1 .5 
1A . 1 1A. 1 .7 
1 1A. 1 .8 
2 


GRASP SAMPLE 

transport sample to experiment area 
OPEN HOLDER 
INSERT SAMPLE 

close holder 

ACTIVATE PAYLOAD-SPECIFIC INSTRUMENTATION 


Examples! hlgh-temperature-ratod sound- frociuoncy sonsors (for acoustic 
contelnerless metals processing), or ul trapreclslon thermocouples (for 
solution crystal growth). 


4.1A.11A.2.1 ACTIVATE FAIL-SAFE SUBSYSTEM(S) 
4.1A.11A.2.2 CHECK ALIGNMENT WITH ALIGNMENT CRITERIA 


Input from contact-sensors In the sample-holder should be compared with the 
specified " world -mode 1 " Input. 


4.1A.11A.2.3 SET (OR EVACUATE) FURNACE ATMOSPHERE 


A preset atmosphere (or vacuum) should be achieved In the furnace before 
experimental operations begin. 


4.1A.11A.2.4 ACTIVATE EXPERIMENTAL PROCESS SPECIFIC EOUIPMENT 
4.1A.11A.3 PROVIDE THERMAL CONTROL FOR PROCESSES 
4.1A.11A.3.1 MEASURE COMPONENT TEMPERATURE 
4.1A.11A.3.2 COMPARE TEMPERATURE TO REQUIRED LIMITS 
4.1A.11A.3.3 ACTIVATE FURNACE TEMPERATURE-MAINTAINING UNIT 
4.1A.11A.4 ANALY2E RESIDUAL GAS 


The presence of sample-material molecules and any possible chemical 
reactants around the sample In the furnace must be confirmed and measured 
before beginning the experimental process. 


4.1A.11A.4.1 INITIATE GAS ANALYZER OPERATION 
4.1A.11A.4.2 RECORDING AND ON-BOARD STORAGE OF DATA 
4.1A.12A CONDUCT PAYLOAD-SPECIFIC EXPEt-TMENT (SOLIDS) 


Currently, the specific experiment could be one of: 

Advanced Solidification Experiments 
High-Gradient Directional Solidification 
Float Zone processing 
Acoustic ContalnerlesE processing 
Electromagnetic Container less processing 
Electrostatic Containerless processing 
Vapor Crystal Growth 
Solution Crystal Growth 
Unique Payloads 


4.1A.12A.1.1 MEASURE EXPERIMENTAL DATA. WITH SPEC. INSTRUMENTATION 
4.1A.12A.1.2 RECORDING AND ON-BOARD STORAGE OF DATA 
4.1A.13A POST-EXPERIMENT OPERATIONS (SOLIDS) 

4.1A.13A.1 CONCLUDE EXPERIMENT 
4 , 1A. 13A. 1 . 1 COOL SAMPLE 

4.1A.13A.1.2 ADJUST ^URNACE PRESSURE TO SAFE LEVEL 
4.1A.13A.2 TRANSFER SAMPLE FROM FURNACE TO STORAGE 
4.1A.13A.2.1 GET SAMPLE WITH SAMPLE HOLDER 
4.1A.13A.2.2 REMOVE SAMPLE FROM FURNACE 
4.1A.13A.2.3 RELEASE SAMPLE FROM SAMPLE HOLDER 
4.1A.13A.2.4 REMOVE SAMPLE FROM HOLDER 
4.1A.13A.2.5 TRANSPORT SAMPLE TO STORAGE BIN 
4.1A.13A.2.6 RELEASE SAMPLE IN BIN 
4.1A.13A.3 SHUTDOWN OPERATIONS 

4.1A.13A.3.1 PURGE GASES FROM FURNACE 
4.1A.!3A,3.2 BAKEOUT FURNACE 
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4.1A,13A,3.3 REPROGRAM PROCESS SET-POINTS aND CONTROLS 
4 1A.11B pre-experiment OPERATIONS (FLUIDS) 


Eacn EP wtll include its own moans of identifying (by ph, density, etc.) 
fluid sornplo materials and products. 


4.1A.11B.1 PREPARE SAMPLE (AS REQUIRED) 


Sample preparation might include heating lt to a preset temperature, 
pressurizing the sample storage chamloi , or 1 »ctlng a 

handling-facilitation agent prior to mixing It with the procosslng media. 


4.1A.11B.2 ENVIRONMENT IS CONTROLLED, CAREFULLY MONITORED 
4.1A.11B.2.1 DEFROST LIVE CELLS 
4. 1 A, 1 IB. 2, 2 SUPPLY NUTRIENTS AND GASES 
4.1A.11B.2,3 REMOVE ORGANIC WASTES 
4.1A.11B.3 PREPARE SYSTEM FLOW CONDITIONS 


Prior to sample Injection Into the experimental chamber, appropriate 
relative pressures must bo maintoinod in the chamber and sample storage 
area. System temperatures must bo at nominal values, and all necessary 
pumps and valves must bo uctivatod. 


A 1A.11B.4 INJECT sample INTO CHAMBER 

4.1A.11B.4.1 PUMP SAMPLE INTO CHAMBER 
4.1A.11B.4.2 PUMP MEDIA FLUID INTO CHAMBER 
4.1A.11B.5 ACTIVATE INSTRUMENTATION 
4.1A.12E CONDUCT PAYLOAD-SPECIFIC EXPERIMENT (FLUIDS) 


Currently, the specific experiment could bo one of; 

Vapor Crystal Growth 
Solution Crystal Growth 
BioprocesEing 
Unique payloaos 


4.1A.12B.1 1 MEASU.RE EXPERIMENTAL DATA, WITH SPEC. INSTRUMENTATION 
4 1A.12B.1.2 RECORDING AND ON-BOARD STORAGE OF DATA 
4.1A.13B POST-EXPERIMENT OPERATIONS (FLUIDS) 

4.1A.13B 1 COLLECT FRACTIONS 

4.1A 13B.2 SAMPLE DATA MANAGEMENT AND MONITORING 

4.1A 13B.2.1 TRANSMIT DATA TO GROUND PROCESSING CENTER 

4.1A.13B.2.2 WHEN SPECIFIED GROWTH PARAMS . REACHED, PREPARE SAMPLE FOR RETURN 
4.1A.13B.3 SHUTDOWN OPERATIONS 

4.1A.13B,3,1 STORE PRODUCTS IN A CONTROLLED ENVIRONMENT FOR RETURN 
4.1A.13B.3.2 n USH SYSTEM WITH BIOCIDE. PRIOR TO NEXT CYCLE 
4.U.14 RETRIEVAL BY ORBITER 

4.1A.14.1 ORBITER/SP RENDEZVOUS AND CAPTURE 

4. 1A. 14. 1.1 DETERMINE CURRENT ORBITAL PARAMETERS 

4 1 A, 14, 1.2 DETERMINE CURRENT ATTITUDE 

4. 1A. 14. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

4. 1A. 14, 1.4 CHOOSE OPTIMAL TRAJECTORY 

4. 1A, 14. 1.5 RETRACT SOLAR ARRAYS 

4. 1A. 14. 1.6 RETRACT RADIATORS 

4. 1A. 14. 1,7 ORIENT THRUSTERS 

4 1A . 14 . 1 .B FIRE THRUSTERS 

4. 1A. 14. 1.9 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 
4 1A 14 1 . 10 OPEN PAYLOAD BAY DOORS 
4, 1A 14.1.11 ACTIVATE DOCKING ADAPTER 

4. 1A. 14. 1,12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 
4.1A 14.1 13 SP BERTHING ON DOCKING ADAPTER 
4 . 1A . 14 . 1 . 14 ACTIVATE RMS 
4 1 A. 14.2 PAYLOAD WITHDRAWAL FROM SP 

4 1A, 14.2.1 SP INTERFACE WITH PAYLOAD IS SHUTDOWN 
4. lA. 14.2 2 PAYLOAD INTERNAL POWER ACTIVATED 
4. 1A. 14.2.3 LOCATE GRASPING FIXTURE ON TARGET 
4 . 1A . 14 2 . 4 GRASP FIXTURE 
4. 1A. 14 2.5 RELEASE PAYLOAD RESTRAINTS 
4 1 A. 14 2.6 TRANSLATE PAYLOAD TO CRADLE 
4.1A.14 2.7 FASTEN PAYLOAD RESTRAINTS 
4 1 A. 14.3 SHUTTLE/PAYLOAD INTEGRATION AND TESTING 
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4. 1A. 14. 3.1 ORBITER/PAYLOAD INTEGRATION CHECKOUT 
4. 1A.M. 3.? CLOSE PAYLOAJ! BAY DOORS 
4.1A.M.4 5EPAUTION OF SP FROM ORBITER 

4.1A.14.4.' TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 
4. 1A. 14. 4.2 UNDOCKING OF ORBITER FROM SP 

4.1 A. 14.4.3 DETERMINE CURRENT ORBITAL PARAMETERS 
4. 1A. 14.4.4 DETERMINE CURRENT ATTITUDE 
4. 1A. 14.4.5 DETERMINE DESIRED ORBITAL PARAMETERS 
4. 1A. 14.4.6 CHOOSE OPTIMAL TRAJECTORY 
4, 1A. 14.4.7 RETRACT SOLAR ARRAYS 
4. 1A. 14.4.8 RETRACT RADIATORS 
4. 1A. 14.4.9 ORIENT THRUSTERS 
4. 1A. 14.4. 10 FIRE THRUSTERS 
4. 1A. 14.4. 11 ACTIVATE SUBSYSTEMS 
4. 1A. 14.4. 12 POWER SUBSYSTEM CHECKOUT 
4. 1A. 14.4. 13 THERMAL SUBSYSTEM CHECKOUT 
4. 1A. 14.4. 14 INFORMATION PROCESSING SUBSYSTEN CHECKOUT 
4. 1A. 14.4. 15 STRUCTURE SUBSYSTEM CHECKOUT 
4. 1A. 14.4. 16 COMMUNICATIONS SUBSYSTEM CHECKOUT 
4. 1A. 14.4. 17 SP/PAYLOAD INTERFACE CHECKOUT 
4. 1A. 14.4. IB CONSUMABLES LEVELS CHECKOUT 
4. 1A. 14.4, 19 COMPARE MEASURED DATA TO MODEL 
4. 1A. 14.4.20 DEPLOY SOLAR ARRAYS 
4. 1A. 14.4.21 DEPLOY RADIATORS 
4.1A.15 RE-ENTRY AND LANDING OF ORBITER 
4.1A.16 POST-FLIGHT OPERATIONS 

4.1 A. 16.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 
4.1A.16.2 REMOVAL OF PAYLOADS FROM OT^ITER 
4. 1A. 16.2.1 OPEN PAYLOAD BAY DOORS 

4. 1A. 16.2.2 PRIORITY REMOVAL OF TIME-CRITICAL ITEMS 

4.1 A. 16.2.3 ATTACH STRONGBACK TO PAYLOAD 
4. 1A. 16.2.4 LOAD PAYLOAD INTO CANISTER 

4.1A.16.3 PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY 

4. IB MATERIALS EXPERIMENT CARRIER (SERVICED. MULTI -SORTI E ) 

4 . IB. 1 DESIGN 

4. IB. 1.1 DEFINE REQUIREMENTS 
4. IB. 1.2 SELECT EXPERIMENTAL PACKAGES 
4. IB. 1.3 MISSION ANALYSIS 
4. IB. 1.4 PAYLOAD ACCOMODATIONS 
4. IB. 1.5 CREATE FUNCTIONAL LAYOUT 
4. IB. 1.6 CREATE MECHANICAL LAYOUT 
4. IB. 2 COMPONENT FABRICATION 

4. IB. 2.1 PROCURE OFF-THE-SHELF COMPONENTS 
4. IB. 2. 2 PROCURE MATERIALS FOR MANUFACTURE OF COMPONENTS 
4. IB. 2. 3 PROCURE MANUFACTURING EQUIPMENT 
4. IB. 2. 4 MANUFACTURE COMPONENTS 
4 . 1B.3 COMPONENT TEST 

4. IB. 3.1 SET UP TEST FACILITIES 
4. IB. 3. 2 STRUCTURAL LOADS TESTS 
4. IB. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 
4. IB. 3. 4 SOLAD ARRAY DEPLOYMENT TESTS 
4. IB. 3. 5 CHECK RF PATTERN 
4. IB. 3. 6 ELECTRICAL SYSTEMS TESTS 
4. IB. 3. 7 THERMAL AND VACUUM TESTS 
4.1B.3.B COMPONENT CERTIFICATION 
4. IB. 4 SYSTEM INTEGRATION 

4. IB. 4.1 RECEIVE AND SORT COMPONENTS 
4. IB. 4. 2 POSITION AND ORIENT COMPONENT 
4. IB. 4. 3 ATTACH COMPONENTS 
4, IB. 5 SYSTEM TEST 

4. IB. 5.1 POWER SUBSYSTEM TEST 

4. IB. 5. 2 THERMAL SUBSYSTEM TESTS 

4. IB. 5, 3 INFORMATION PROCESSING SUBSYSTEM TESTS 

4. IB. 5. 4 STRUCTURE SUBSYSTEM TESTS 

4. IB. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 

4. IB. 5. 6 ANALYZE PERFORMANCE DATA 

4, IB. 5. 7 REPEAT CONSTRUCTION/CHECKOUT CYCLE UNTIL O.K. 

4. IB. 6 PAYLOAD INSTALLATION AND TRANSPORT 

4. IB. 6.1 INSTALLATION OF EXPERIMENTAL PACKAGES 
4, IB. 6. 2 TESTING AT INTEGRATION SITE 
4. IB. 6. 3 REMOVE TEST EQUIPMENT 
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4.1B.6.4 PERFORM NECESSARY DISASSEMBLY , 

4.1B.6.5 PACKING Qf. i 

4. IB. 6. 6 TRANSPORT TO LAUNCH SITE ^ 

IB. 7 ORBITER/PAYLOAD INTEGRATION AND CHECKOUT 
4 , 1B.7 . 1 UNPACKING 
4. IB. 7. 2 PERFORM NECESSARY REASSEMBLY 
4. IB, 7. 3 INTEGRATED SYSTEMS TESTS 

4. IB. 7. 3.1 VERIFY POWER SYSTEM FUNCTION 
4.1B.7.3.2 verify command SYSTEM FUNCTION 
4. IB. 7, 3. 3 VERIFY MECHANICAL SYSTEM FUNCTION 

4.18.7.3.4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 
4. IB. 7. 4 PERFORM INTERFACES CHECK 

4. IB. 7. 4.1 CHECK EXPERIMENTAL PACKAGE INTERFACE 
4.16.7,4,2 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 
4. IB 7.4,3 CHECK ELECTRICAL INTERFACES 
4. IB, 7. 5 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY 

4.18.7.5.1 ATTACH STRONGBACK TO PAYLOAD 

4.18.7.5.2 LOAD PAYLOAD INTO CANISTER 

4.18.7.5.3 REMOVE STRONGBACK 
4. IB. 7. 5. 4 CLOSE CANISTER 

4.18.7.5.5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
4.1B.7.G ORBITER/PAYLOAD INTEGRATION 


Tf 


IB . 

IB , 

IB , 

IB, 

IB 

1B 

IB 


1B.9. 1 
1B 9. 1 
IB .9 . 1 
IB ,9 . 
1B .9 . 
IB. 9. 
IB .9 . 
IB .9 . 
IB. 9, 
IB .9. 
1B.9 , 
1B.9 , 


IB .9 


7.6.1 ATTACH STRONGBACK TO PAYLOAD 

7.6.2 INSTALL PAYLOAD IN ORBITER 

7.6.3 CONNECT ORBITER/PAYLOAD INTERFACES 

7.6.4 CHECK ELECTRICAL INTERFACES 

7.6.5 CLOSE-OUT PAYLOAD BAY 

7.6.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 

7.6.7 installation OF OMS KIT 
4. IB. 8 COUNTDOWN AND LAUNCH 

4, IB. 9 ORBITAL DEPLOYMENT AND CHECKOUT 

4 IB. 9.1 ORBITER/3P RENDEZVOUS AND CAPTURE 

4. IB. 9. 1,1 DETERMINE CURRENT ORBITAL PARAMETERS 
.2 DETERMINE CURRENT ATTITUDE 
.3 DETERMINE DESIRED ORBITAL PARAMETERS 
.4 CHOOSE OPTIMAL TRAJECTORY 
.5 RETRACT SOLAR ARRAYS 
,6 RETRACT RADIATORS 
.7 ORIENT THRUSTERS 
8 fire THRUSTERS 

.9 ORBITER AND 5P VELOCITY AND TRAJECTORY ADJUSTMENTS 
. 10 OPEN PAYLOAD BAY DOORS 
,11 ACTIVATE DOCKING ADAPTER 

. 12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 
,13 SP BERTHING ON DOCKING ADAPTER 
. 14 ACTIVATE RMS 

IB. 9. 2 REMOVE OLD SP PAYLOAD FROM TARGET BERTH 
4. IB, 9. 2.1 OPEN PAYLOAD BAY DOORS 

9.2.2 LOCATE GRASPING FIXTURE ON TARGET 

9.2.3 GRASP FIXTURE 

9.2.4 RELEASE PAYLOAD RESTRAINTS 

9.2.5 STOW OLD PAYLOAD IN ORBITER 
DEPLOY NEW PAYLOAD FROM PAYLOAD BAY 

,9,3.1 LOCATE NEW PAYLOAD 
.9.3.2 GRASP FIXTURE 
.9.3,3 RELEASE PAYLOAD RESTRAINTS 
4. IB. 9. 3. 4 ATTACH NEW PAYLOAD TO SP 
IB. 9, 4 OPERATIONAL CHECKOUT 

.9.4.1 ACTIVATE SUBSYSTEMS 

4.2 POWER subsystem CHECKOUT 

4.3 thermal subsystem CHECKOUT 

4.4 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

4.5 STRUCTURE SUBSYSTEM CHECKOUT 

4.6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

4.7 SP/PAYLOAD interface CHECKOUT 

4.8 CONSUMABLES LEVELS CHECKOUT 

4.9 COMPARE MEASURED DATA TO MODEL 
IDENTIFY DEFECTIVE COMPONENT 

.9.5.1 DETERMINE ANOMALOUS DATA 
.9.5.2 FORM HYPOTHESIS FOR PROBLEM 
.9,5.3 DEVISE TEST FOR FAILURE HYPOTHESIS 
9.5,4 PERFORM TEST FOR FAILURE HYPOTHESIS 


4 . 
4 . 
4 . 
4 . 
IB. 9 
4 
4 
4 


IB. 
IB , 
IB . 
IB 
. 3 
IB . 
IB . 
IB . 


4 
4 
4 
4 
4 
4 
4 
4 
4 

IB. 3. 5 
4 . IB . 
4 , 1B . 
4 . IB. 
4 , IB . 


16 
16.9. 
IB , 9 . 
IB. 9, 
IB. 9. 
IB. 9 
IB, 9 
IB .9 
IB. 9 
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4.1B.9.5.5 IDENTIFY FAULTY COMPONENT 
4. IB. 9. 6 IDENTIFY DEFECITVE SOFTWARE 

4. IB. 0.6.1 COMPARE MEASURED DATA TO MODEL 
4. IB. 9. 6. 2 DETERMINE ANOMALOUS DATA 
4.1B.9.6.3 FORM HYPOTHESIS FOR PROBLEM 
4.1B.9.6.4 DEVISE TEST FOR FAILURE HYPOTHESIS 
4. IB. 9. 6. 5 PERFORM TEST FOR FAILURE HYPOTHESIS 
4.1B.9.7A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

4.1B.9.7A.1 SWITCH OUT FAULTY COMPONENT 
4.1B.9.7A.2 SWITCH IN REOUNDANT COMPONENT 
4.1B.9.7A.3 MAKE DIAGNOSTIC CHECKS 
4.1B.9.7A.4 UPDATE SPACECRAFT MODEL 
4.1B.9.7B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

4.1B.9.7B.1 DEFINE ACCESS SEQUENCE 
4.1B.9.7B.2 LOCATE ACCESS PANEL 

4.1B.9.7B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
4.1B.9.7B.4 OPEN ACCESS PANEL 

4.1B.9.7B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
4.1B.9.7B.6 REMOVE COMPONENT 
4.1B.9.7B.7 STORE COMPONENT 
4.1B.9.7B.8 LOCATE NEW COMPONENT 
4.1B.9.7B.9 POSITION AND CONNECT NEW COMPONENT 
4. IB. 9. 7B. 10 ADJUST COMPONENT 
4. IB. 9. 7B. 11 MAKE DIAGNOSTIC CHECKS 
4. IB. 9. 7B. 12 CLOSE ACCESS PANEL 
4, IB. 9. 7B. 13 STOW REPAIR EQUIPMENT 
4. IB. 9. 7B. 14 UPDATE SPACECRAFT MODEL 
4.1B.9.8 SOFTWARE FAILURE RECOVERY 

4 IB. 9. 8.1 DETERMINE CORRECTION ALGORITHM 
4. IB. 9. 8. 2 DATA/COMMAND ENCODING 
4. IB. 9. 8. 3 DATA/COMMAND TRANSMISSION 
4. IB. 9. 8. 4 COMPUTER FUNCTION CHECKS 
4. IB. 9. 9 SEPARATION OF SP FROM ORBITER 

4. IB. 9. 9.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 
4. IB. 9. 9. 2 UNDOCKING OF ORBITER FROM SP 
4. IB. 9. 9. 3 DETERMINE CURRENT ORBITAL PARAMETERS 
4.18.9.9.4 determine CURRENT ATTITUDE 
4. IB. 9. 9. S DETERMINE DESIRED ORBITAL PARAMETERS 
4. IB. 9. 9. 6 CHOOSE OPTIMAL TRAJECTORY 
4. IB. 9. 9. 7 RETRACT SOLAR ARRAYS 
4. IB. 9. 9. 8 RETRACT RADIATORS 
4. IB. 9. 9. 9 ORIENT THRUSTERS 
4. IB. 9. 9. 10 FIRE THRUSTERS 
4.1B.9.9.11 ACTIVATE SUBSYSTEMS 
4. IB. 9. 9. 12 POWER SUBSYSTEM CHECKOUT 
4.1B.9.9.13 THERMAL SUBSYSTEM CHECKOUT 
4. IB. 9. 9. 14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
4. IB. 9. 9. 15 STRUCTURE SUBSYSTEM CHECKOUT 
4. IB. 9. 9. 16 COMMUNICATIONS SUBSYSTEM CHECKOUT 
4. IB. 9. 9. 17 SP/PAYLOAD INTERFACE CHECKOUT 
4.1B.9.9.18 CONSUMABLES LEVELS CHECKOUT 
4. IB. 9. 9. 19 COMPARE MEASURED DATA TO MODEL 
4. IB. 9. 9. 20 DEPLDY SOLAR ARRAYS 
4. IB. 9. 9. 21 DEPLOY RADIATORS 
4. IB. 10 STATUS MONITORING AND RESOURCE ALLOCATION 
4. IB. 10.1 TEMPERATURE MANAGEMENT 

4. IB. 10. 1.1 MEASURE COMPONENT TEMPERATURES 
4. 1B. 10. 1.2 COMPARE TEMPERATURE TO REQUIRED LIMITS 
4. 1B. 10. 1.3 ADJUST COOLING/HEATING SYSTEMS 
4. IB. 10.2 POWER management 

4. IB. 10.2.1 MEASURE CURRENTS AND VOLTAGES 

4. IB. 10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 
4. IB. 10.2 3 EVALUATE BATTERY CHARGING PERFORMANCE 
4. IB. 10.2.4 ADJUST CURRENTS AND VOLTAGES 
4. IB. 10.2.5 ADJUST BATTERY CHARGING CYCLE 
4. IB. 10.3 DATA/COMMAND PROCESSING 

4. IB. 10.3.1 SHORT-TERM MEMORY STORAGE 
4. IB. 10.3.2 LONG-TERM MEMORY STORAGE 
4. IB. 10.3.3 DATA/COMMAND ENCODING 
4. IB. 10.3.4 DATA/COMMAND DECODING 
4. IB. 10.3.5 NUMERICAL COMPUTATION 
4. IB. 10.3.6 LOGIC OPERATIONS 
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4. 1B. 10.3.7 COMPUTER LOAD SCHEDULING OP POOR QUALSTY 

4. IB. 10.3.8 COMPUTER FUNCTION CHECKS 
4. IB. 10.4 CONSUMABLES MANAGEMENT 

4. IB. 10.4.1 MONITOR GAS SUPPLIES 

4. IB. 10. 4. 2 MONITOR PROPELLANT SUPPLIES 

4. IB. 10.4.3 MONITOR COOLING SYSTEM SUPPLIES 

4. IB. 10.4.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
4. IB. 10.4.5 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 
4. IB, 10.5 STRUCTURAL MANAGEMENT 

4. IB. 10.5.1 MEASURE STRAINS IN STRUCTURE 

4. IB. 10. 5. 2 MEASURE RELATIVE DISPLACEMENTS 

4. IB. 10.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS 

4. IB. 10. 5. 4 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 
4. IB. 10.5.5 APPLY COMPENSATING FORCES 
4, IB. 10. 5. 6 APPLY VIBRATION DAMPING 
4. IB. 10.6 HAZARD AVOIDANCE 

4'. IB. 10.6.1 AVOID TANK OVERPRESSURES 
4. IB. 10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 
4. IB. 10.6.3 MONITOR MICRO-GRAVITY LEVELS 
4. IB. 10.6.4 MAINTAIN COMMUNICATION LINKS 

4. IB. 10.6.5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 
4.1B.10.7 OPTIMAL SEQUENCING 

4. IB. 10.7.1 UPDATE SPACECRAFT MODEL 

4. IB. 10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
4. IB. 10.7.3 estimate RISKS FROM DESIRED FUNCTIONS 
4. IB. 10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 
4. IB. 10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
4. IB. 10.7.6 COMPUTE OPTIMAL SEQUENCING 
4. IB. 10.8 IDENTIFY DEFECTIVE COMPONENT 
4. IB. 10.8.1 DETERMINE ANOMALOUS DATA 
4. IB. 10.8.2 FORM HYPOTHESIS FDR PROBLEM 
4, IB. 10.9 REPORT SYSTEMS STATUS 

4. IB. 10.9.1 DATA/COMMAND ENCODING 
4. IB. 10. 9. 2 DATA/COMMAND TRANSMISSION 
4. 1B. 10.9.3 DATA/COMMAND DECODING 
4. 1B. 10.9.4 DATA/COMMAND DISPLAY 
4.1B.11A PRE-EXPERIMENT OPERATIONS (SOLIDS) 

4.1B.11A.1 TRANSFER SAMPLE FROM STORAGE TO FURNACE 
4.1B.11A.1.1 IDENTIFY SHAPE. SIZE IN BIN 
4. IB. 11 A. 1.2 MATCH WITH SAMPLE MODEL 
4.1B.11A.1.3 POSITION MANIPULATOR (ON RAILS) 

4 . IB . 1 1A . 1 .4 GRASP SAMPLE 

4.1B.11A.1.5 TRANSPORT SAMPLE TO EXPERIMENT AREA 
4 . IB . 1 1A . 1 .6 OPEN HOLDER 
4.1B.11A.1.7 INSERT SAMPLE 
4.1B.11A.1.8 CLOSE HOLDER 

4.1B.11A.2 ACTIVATE PAYLOAD-SPECIFIC INSTRUMENTATION 
4.1B.11A.2.1 ACTIVATE FAIL-SAFE SUBSYSTEM(S) 

4.1B.11A.2.2 CHECK ALIGNMENT WITH ALIGNMENT CRITERIA 
4.1B.11A.2.3 SET (OR EVACUATE) FURNACE ATMOSPHERE 
4.1B.11A.2.4 ACTIVATE EXPERIMENTAL PROCESS SPECIFIC EQUIPMENT 
4.1B.11A.3 PROVIDE THERMAL CONTROL FOR PROCESSES 
4.1B.11A.3.1 MEASURE COMPONENT TEMPERATURE 
4.1B.11A.3.2 COMPARE TEMPERATURE TO REQUIRED LIMITS 
4.1B.11A.3.3 ACTIVATE FURNACE TEMPERATURE-MAINTAINING UNIT 
4.1B.11A.4 ANALYZE RESIDUAL GAS 

4.1B.11A.4.1 INITIATE GAS ANALYZER OPERATION 
4.1B.11A.4.2 RECORDING AND ON-BOARD STORAGE OF DATA 
4.1B.12A CONDUCT PAYLOAD-SPECIFIC EXPERIMENT (SOLIDS) 

4.1B.12A.1.1 MEASURE EXPERIMENTAL DATA, WITH SPEC, INSTRUMENTATION 
4.1B.12A.1.2 RECORDING AND ON-BOARD STORAGE OF DATA 
4.1B.13A POST-EXPERIMENT OPERATIONS (SOLIDS) 

4.1B.13A.1 CONCLUDE EXPERIMENT 
4. IB. 13A. 1 . 1 COOL SAMPLE 

4.1B.13A.1.2 ADJUST FURNACE PRESSURE TO SAFE LEVEL 
4.1B.13A.2 TRANSFER SAMPLE FROM FURNACE TO STORAGE 
4.1B.13A.2.1 GET SAMPLE WITH SAMPLE HOLDER 
4.1B.13A.2.2 REMOVE SAMPLE FROM FURNACE 
4.1B.13A.2.3 RELEASE SAMPLE FROM SAMPLE HOLDER 
4.1B.13A.2.4 REMOVE SAMPLE FROM HOLDER 
4.1B.13A.2.5 TRANSPORT SAMPLE TO STORAGE BIN 
4.1B.13A.2.6 RELEASE SAMPLE IN BIN 
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4.18.13A.3 SHUTDOWN OPERATIONS 

4.1B.13A.3.1 PURGE GASES FROM FURNACE 
4. IB. ISA. 3. 2 BAKEOUT FURNACE 

4.1B.13A.3.3 REPROGRAM PROCESS SET-POINTS AND CONTROLS 
4. IB. 1 1B PRE-EXPERIMENT OPERATIONS (FLUIDS) 

4.1B.11B.1 PREPARE SAMPLE (AS REQUIRED) 

4.1B.11B.2 ENVIRONMENT IS CONTROLLED, CAREFULLY MONITORED 
4.1B.11B.2.1 DEFROST LIVE CELLS 
4.1B.11B.2.2 SUPPLY NUTRIENTS AND GASES 
4.1B.11B.2.3 REMOVE ORGANIC WASTES 
4.1B.11B.3 PREPARE SYSTEM FLOW CONDITIONS 
4.1B.11B.4 INJECT SAMPLE INTO CHAMBER 

4,1B.11B.4.1 PUMP SAMPLE INTO CHAMBER 
4.1B.11B.4.2 PUMP MEDIA FLUID INTO CHAMBER 
4.1B.11B.5 ACTIVATE INSTRUMENTATION 
4.1B.12B CONDUCT PAYLOAD-SPECIFIC EXPERIMENT (FLUIDS) 

4.1B.12B.1.1 MEASURE EXPERIMENTAL DATA. WITH SPEC. INSTRUMENTATION 
4.1B.12B.1.2 RECORDING AND ON-BOARD STORAGE OF DATA 
4.1B.13B POST-EXPERIMENT OPERATIONS (FLUIDS) 

4.1B.13B.1 COLLECT FRACTIONS 

4.1B.13B.2 SAMPLE DATA MANAGEMENT AND MONITORING 

4.1B.13B.2.1 TRANSMIT DATA TO GROUND PROCESSING CENTER 

4.1B.13B.2.2 WHEN SPECIFIED GROWTH PARAMS. REACHED, PREPARE SAMPLE FOR RETURN 
4.1B.13B.3 SHUTDOWN OPERATIONS 

4.1B.13B.3.1 STORE PRODUCTS IN A CONTROLLED ENVIRONMENT FOR RETURN 
4.1B.13B.3.2 FLUSH SYSTEM WITH BIOCIDE. PRIOR TO NEXT CYCLE 
4. IB. 14 SERVICING AND RESUPPLY 

4. IB. 14.1 PRE-RENDEZVOUS PREPARATIONS 

4. IB. 14. 1.1 SEND GROUND SIGNAL TO SP TO BEGIN SERV. SEO. 

4. IB. 14. 1.2 REDUCE POWER TO SUBSYSTEMS 


Power to the MEC's subsystems must be reduced In anticipation of switching 
to internal battery power from the external power supply, as the Space 
Platform retracts its solar arrays. 


4. IB. 14 1 ORBITER/SP RENDEZVOUS AND CAPTURE 

4. IE. 14.2.1 DETERMINE CURRENT ORBITAL PARAMETERS 
4. IB. 14 2.2 DETERMINE CURRENT ATTITUDE 
4. IB. 14.2.3 DETERMINE DESIRED ORBITAL PARAMETERS 
4. 1B. 14.2.4 CHOOSE OPTIMAL TRAJECTORY 
4.18.14.2,5 RETRACT SOLAR ARRAYS 
4, 1B. 14.2.6 RETRACT RADIATORS 
4. IB. 14.2.7 ORIENT THRUSTERS 
4. IB. 14.2.6 FIRE THRUSTERS 

4. IB. 14.2.9 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 
4. IB. 14.2. 10 OPEN PAYLOAD BAY DOORS 
4. IB. 14.2. 11 ACTIVATE DOCKING ADAPTER 

4. IB. 14.2. 12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 
4, IB. 14.2. 13 SP BERTHING ON DOCKING ADAPTER 
4. IB. 14.3 REMOVAL AND TRANSFER OF EXPERIMENTAL PACKAGES 
4. IB. 14.3.1 SHUTDOWN EXPERIMENTAL PACKAGES 
4. IB. 14.3.2 ACTIVATE RMS 

4, IB. 14.3.3 LOCATE GRASPING FIXTURE ON TARGET 

4. IB. 14.3.4 GRASP FIXTURE 

4. IB. 14.3.5 RELEASE PAYLOAD RESTRAINTS 

4. IB. 14.3.6 TRANSLATE PAYLOAD TO CRADLE 

4. IB. 14.3.7 FASTEN PAYLOAD RESTRAINTS 

4. IB. 14,3.6 ORIENT NEW PAYLOADS 

4, IB. 14, 3. 9 ATTACH NEW PAYLOADS 

4. IB. 14.3.10 ORBITER/PAYLOAD INTEGRATION CHECKOUT 
4. IB. 14.4 NON-SCHEDULED MAINTENANCE 
4. ID. 14.5 OPERATIONAL CHECKOUT 

4. IB. 14.5.1 ACTIVATE SUBSYSTEMS 
4. IB. 14.5.2 POWER SUBSYSTEM CHECKOUT 
4. IB. 14,5.3 THERMAL SUBSYSTEM CHECKOUT 
4. IB. 14.5,4 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 
4. IB. 14.5.5 STRUCTURE SUBSYSTEM CHECKOUT 
4. IB. 14.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT 
4. IB. 14.5.7 SP/PAYLOAD INTERFACE CHECKOUT 
4, IB. 14.5.8 CONSUMABLES LEVELS CHECKOUT 
4. IB. 14.5.9 COMPARE MEASURED DATA TO MODEL 
4. IB. 14.6 SEPARATION OF ORBITER AND SP 
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4. IB. 14.6.1 SECURE RMS IN PAyiOAD BAY 
4. IB. 14.6.2 CLOSE PAYLOAD BAY DOORS 
4. IB. 14.6.3 UNDOCKING OF ORBITER FROM SP 
4. IB. 15 RETRIEVAL BY ORBITER 

4. IB. 15.1 ORBITER/SP RENDEZVOUS AND CAPTURE 


ORfC' ■" ? r ' 1" 

OF POOfI QUALITY 


4 . IB. 


4 . IS . 


IB. 15, 
1B. 15, 
1B. 15, 
1B. 15, 
IB. 15, 
IB. 15, 


. IB 
. IB 
. IB 
. IB 
. 1B 
. IB 
. IB 
. IB 

15.2 PAYLOAD 


15 

15 

15 

15 

15 

15 

15 

15 


, 1 
,2 
,3 
,4 
.5 
,6 
.7 
.8 
1.9 
1 
1 


DETERMINE CURRENT ORBITAL PARAMETERS 
DETERMINE CURRENT ATTITUDE 
DETERMINE DESIRED ORBITAL PARAMETERS 
CHOOSE OPTIMAL TRAJECTORY 
RETRACT SOLAR ARRAYS 
RETRACT RADIATORS 
ORIENT THRUSTERS 
FIRE THRUSTERS 

ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 
OPEN PAYLOAD BAY DOORS 
ACTIVATE DOCKING ADAPTER 

DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 
SP BERTHING ON DOCKING ADAPTER 
ACTIVATE RMS 
WITHDRAWAL FROM SP 


4. IB, 


. IB. 

. IB. 

. IB. 

. IB. 

. IB. 
. IB. 

. IB. 

15.3 
. 18. 

. IB. 

15.4 
. 1B. 

. IB. 
. IB. 
. IB. 
. IB. 
. IB. 
. IB. 
. 1B. 
. 1B. 
. 1B. 
. 1B. 
. 1B. 
. 1B. 
. 1B. 
. IB. 
. IB. 
. IB. 
. 1B . 
. 1B. 
. 1B. 
, IB. 


15.2.1 SP INTERFACE WITH PAYLOAD IS SHUTDOWN 

15.2.2 PAYLOAD INTERNAL POWER ACTIVATED 

15.2.3 LOCATE GRASPING FIXTURE ON TARGET 

15.2.4 GRASP FIXTURE 

15.2.5 RELEASE PAYLOAD RESTRAINTS 

15.2.6 TRANSLATE PAYLOAD TO CRADLE 

15.2.7 fasten PAYLOAD RESTRAINTS 
SHUTTLE/PAYLOAD INTEGRATION AND TEST 

15.3.1 ORBITER/PAYLOAD INTEGRATION CHECKOUT 

15.3.2 CLOSE PAYLOAD BAY DOORS 
separation of SP FROM ORBITER 


15.4.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 

15.4.2 UNDOCKING OF ORBITER FROM SP 

15.4.3 DETERMINE CURRENT ORBITAL PARAMETERS 

15.4.4 DETERMINE CURRENT ATTITUDE 

15.4.5 DETERMINE DESIRED ORBITAL PARAMETERS 

15.4.6 CHOOSE OPTIMAL TRAJECTORY 

15.4.7 RETRACT SOLAR ARRAYS 

15.4.8 RETRACT RADIATORS 

15.4.9 ORIENT THRUSTERS 

15.4.10 FIRE THRUSTERS 

15.4.11 ACTIVATE SUBSYSTEMS 

13.4.12 POWER SUBSYSTEM CHECKOUT 

15.4.13 THERMAL SUBSYSTEM CHECKOUT 

15.4.14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

15.4.15 STRUCTURE SUBSYSTEM CHECKOUT 

15.4.16 COMMUNICATIONS SUBSYSTEM CHECKOUT 
15.4. I"’ SP/PAYLOAD INTERFACE CHECKOUT 
15.4.18 CONSUMABLES LEVELS CHECKOUT 
15.4. 9 COMPARE MEASURED DATA TO MODEL 

15.4.20 DEPLOY SOLAR ARRAYS 

15.4.21 DEPLOY RADIATORS 
AND LANDING OF ORBITER 

POST-FLIGHT OPERATIONS 

17.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 
IB. 17.2 removal of payloads FROM ORBITER 
4, IB. 17, 2.1 OPEN PAYLOAD BAY DOORS 

4. IB. 17.2.2 PRIORITY REMOVAL OF T I ME -CRI T I CAL ITEMS 
4. IB. 17.2.3 ATTACH STRONGBACK TO PAYLOAD 
4, IB. 17.2.4 LOAD PAYLOAD INTO CANISTER 

4. IB. 17.3 PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY 


4 . IB. 16 RE-ENTRY 
4. IB. 17 
4 . IB 


SCIENCE AND APPLICATIONS SPACE PLATFORM 


The SASP specific material In this breakdown was obtained from the following 
two sources: Final Report for Payloads Requirements/Accomodations Assessment 
Study for Science and Applications Space Platforms, MSFC Contract No. 
NAS8-33759 by TRW Inc. November 1980. Conceptual Design Study Science and 
Applications Space Platform, MSFC Contract No. NASB-33592 by McDonnell 
Douglas Astronautics Co. October 1980. 
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4.2 SCIENCE AND APPLICATIONS SPACE PLATFORM (SASP) 

4.2.1 DESIGN 

4.2.1. 1 DEFINE REQUIREMENTS 

4.2. 1.2 SELECT PAYLOADS 


Th« SASP con cnrry mony difforent combinntlons of oxpor imentB . Soma have 
spaclol orbital and viewing requirements, others are not compatible 
(Materials Experiment Assembly and Life Sciences Modules) duo to 
mlcrogrovity requirements. The experiments must be put Into compatible 
groupings so the SASP con bo designed to accomodate them. 


4.2. 1 .3 MISSION ANALYSIS 


The orbital constraints of the STS system and SASP must be compared to 
experiment requirements. Some experiments need high Inclination orbits, 
others need higher altitude orbits. Mission requirements determine when 
and how maneuvers will be made. Those must be examined to insure they ore 
feasible end to determine propulsion subsystem requirements. 


4.2. 1.4 PAYLOAD ACCOMODATIONS 

4.2. 1.5 CREATE FUNCTIONAL LAYOUT 


Determine all subsystem Interactions such as data transmission, power use, 
thermal dissipation, and structural loads. The component specifications 
should be compatible with present levels of technology and comply with the 
functional layout. 


4.2. 1.6 CREATE MECHANICAL LAYOUT 


Verify that when components are grouped Into subsystems they con perform 
all functional layout operations. 


4.2.2 COMPONENT FABRICATION 

4.2.2. 1 PROCURE OFF-THE-SHELF COMPONENTS 

4. 2. 2. 2 PROCURE MATERIALS FOR MANUFACTURE OF COMPONENTS 

4. 2. 2. 3 PROCURE MANUFACTURING EQUIPMENT 

4. 2. 2. 4 MANUFACTURE COMPONENTS 

4.2.3 COMPONENT TEST 

4.2.3. 1 SET UP TEST FACILITIES 

4. 2. 3. 2 STRUCTURAL LOADS TESTS 

4. 2. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 


Verify software by Inputing data which simulates expected operational 
Inputs, but has been previously processed so the proper output Is known. 
This nominal output is compared to the output of the flight software to 
verify Its proper operation. 


4. 2. 3. 4 SOLAR ARRAY DEPLOYMENT TESTS 

4. 2. 3. 5 CHECK RF PATTERN 

4. 2. 3. 6 ELECTRICAL SYSTEMS TESTS 

4. 2. 3. 7 THERMAL AND VACUUM TESTS 

4. 2. 3. 8 COMPONENT CERTIFICATION 

4.2.4 SYSTEM INTEGRATION 

4.2.4. 1 RECEIVE AND SORT COMPONENTS 

4. 2. 4. 2 POSITION AND ORIENT COMPONENT 

4. 2. 4. 3 ATTACH COMPONENTS 

4.2.5 SYSTEM TEST 

4.2.5. 1 POWER SUBSYSTEM TEST 


Simulated solar array power is supplied to the power 

management/condltionlng subsystem. This system Is commanded to supply 
various voltages and currents to other subsystems. These quantities are 
measured under real or simulated load and compared against nominal 
perf ormance . 


4. 2. 5. 2 THERMAL SUBSYSTEM TESTS 

4. 2. 5. 3 INFORMATION PROCESSING SUBSYSTEM TESTS 

4. 2. 5. 4 STRUCTURE SUBSYSTEM TESTS 


The structure or a functional mockup Is exposed to various vibration loads 
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to verify otruetural Integrity, Deployment BCtuators are tested and. If 
possible, aopleyable struetu-es go through a full deployment sequence. 

4. 2. 5. 5 COMMUNICAT10NS SUBSYSTEM TESTS 


Ver.fy that the antennas moot design specifications. 


4. 2. 5. 6 ANALYZE PERFORMANCE DATA 

4.2.B.7 REPEAT CONSTRUCTION/CHECKOUT CYCLE UNTIL O.K, 

4.2.6 PAYLOAD INSTALLATION AND TRANSPORT 

4.2.6. 1 TESTING AT INTEGRATION SITE 

4. 2. 6. 2 REMOVE TEST EQUIPMENT 

4.2.6 3 PERFORM NECESSARY DISASSEMBLY 

4. 2. 6. 4 PACKING 

4. 2. 6. 5 TRANSPORT TO LAUNCH SITE 

4.2.7 ORBITER/PAYLOAD INTEGRATION AND CHECKOUT 

4 . 2 . 7 . 1 UNPACKING 

4. 2. 7. 2 PERFORM NECESSARY REASSEMBLY 

4. 2. 7. 3 INTEGRATED SYSTEMS TESTS 

4. 2. 7. 3.1 VERIFY POWER SYSTEM FUNCTION 

4. 2. 7. 3. 2 VERIFY COMMAND SYSTEM FUNCTION 

4. 2. 7. 3. 3 VERIFY MECHANICAL SYSTEM FUNCTION 

4. 2. 7. 3. 4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 

4. 2. 7. 4 PERFORM INTERFACES CHECK 

4. 2. 7. 4.1 CHECK SHUT’-LE/PA YLOAD MECHANICAL INTERFACES 

4. 2. 7. 4. 2 CHECK ELECTRICAL INTERFACES 

4. 2. 7. 5 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY 

4. 2. 7. 5.1 ATTACH STRONGBACK TO PAYLOAD 

4. 2. 7. 5. 2 LOAD PAYLOAD INTO CANISTER 

4. 2. 7. 5. 3 REMOVE STRONGBACK 

4. 2. 7. 5. 4 CLOSE CANISTER 

4. 2.7..'). 5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 

4. 2. 7. 6 ORBITER/PAVLOAD INTEGRATION 

4. 2. 7. 6.1 ATTACH STRONGBACK TO ^AVLCAO 

4. 2. 7. 6. 2 INSTALL PAYLOAD IN OF.BITER 

4. 2. 7. 6. 3 CONNECT ORBITER/PAYLOAD INTERFACES 

4.2.7 6,4 CHECK ELECTRICAL INTERFACES 

4. 2. 7. 6. 5 CLOSE-OUT PAYLOAD BAY 

4. 2. 7. 6.6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 

4. 2. 7. 6. 7 INSTALLATION OF QMS KTT 

4.2.8 COUNTDOWN AND LAUNCH 

4.2.9 ORBITAL DEPLOYMENT AND CHECKOUT 

4.2.9. 1 ORBITER/SP RENDEZVOUS AND CAPTURE 

4.2.9. 1.1 DETERMINE CURRENT ORBITAL PARAMETERS 

4.2.9. 1.2 DETERMINE CURRENT ATTITUDE 

4.2.9. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

4.2.9. 1.4 CHOOSE OPTIMAL TRAJECTORY 

4. 2. 9. 1.5 RETRACT SOLAR ARRAYS 

4.2.9. 1.6 RETRACT RADIATORS 

4.2.9 1.7 ORIENT THRUSTERS 

4.2.9. 1 .8 FIRE THRUSTERS 

4.2.9. 1.9 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 

4.2.9.1.10 OPEN PAYLOAD BAY DOORS 

4.2.9.1.11 ACTIVATE DOCKING ADAPTER 

4.2.9.1.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 

4.2.9.1.13 SP BERTHING ON DOCKING ADAPTER 
4.2.9.114 ACTIVATE RMS 

4. 2. 9. 2 REMOVE OLD SP PAYLOAD FROM TARGET BERTH 

4. 2. 9. 2.1 OPEN PAYLOAD BAY DOORS 

4. 2. 9. 2. 2 LOCATE GRASPING FIXTURE ON TARGET 

4. 2. 9. 2. 3 GRASP FIXTURE 

4. 2. 9. 2.4 RELEASE PAYLOAD RESTRAINTS 

4. 2. 9. 2. 5 STOW OLD PAYLOAD IN ORBITER 

4. 2. 9. 3 DEPLOY NEW PAYLOAD FROM PAYLOAD BAY 

4. 2. 9. 3.1 LOCATE NEW PAYLOAD 

4. 2. 9. 3. 2 GRASP FIXTURE 

4. 2. 9. 3. 3 RELEASE PAYLOAD RESTRAINTS 

4. 2. 9. 3. 4 ATTACH NEW PAYLOAD TO SP 

4. 2. 9. 4 OPERATIONAL CHECKOUT 

4. 2. 9. 4.1 ACTIVATE SUBSYSTEMS 

4. 2. 9. 4. 2 POWER SUBSYSTEM CHECKOUT 

4.2 9.4.3 THERMAL SUBSYSTEM CHECKOUT 
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4. 2. 0. 4.4 INFORMATION PROCeSSINQ SUBSYSTEM CHECKOUT 

4. 2. 0. 4. 5 STRUCTURE SUBSYSTEM CHECKOUT 

4. 2. 0. 4. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

4. 2. 0. 4. 7 SP/PAYLOAD INTERFACE CHECKOUT 

4. 2. 0. 4 8 ATTITUOE CONTROL SUBSYSTEM CHECKOUT 

4. 2. 9. 4 9 CONSUMABLES LEVELS CHECKOUT 

4.2.9.4.10 COMPARE MEASURED DATA TO MODEL 

4. 2. 9. 5 IDENTIFY DEFECTIVE COMPONENT 

4. 2. 0. 5 1 DETERMINE ANOMALOUS DATA 

4. 2. 0. 0. 2 FORM HYPOTHESIS FOR PROBLEM 

4. 2, 9. 5. 3 DEVISE TEST FOR FAILURE HYPOTHESIS 

4. 2. 8. 5 4 PERFORM TEST FOR '^AILUPE HYPOTHESIS 

4. 2. 9. 05 IDENTIFY FAULTY COMPONENT 

4. 2. 0.0 IDENTIFY DEFECITVE SOFTWARE 

4.2.9. G.1 COMPARE MEASURED DA^A TO MODEL 

4. 2.9. 02 determine ANOMALOUS DATA 

4.2 9.0,3 FORM HYPOTHESIS FOR PROBLEM 

4. 2. 9. 04 DEVISE TEST FOR FAILURE HYPOTHESIS 

4. 2. 9. 0. 5 PERFORM TEST FOR FAILURE HYPOTHESIS 
4.2.B.7A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

4.2.9.7A 1 SWITCH OUT FAULTY COMPONENT 
4 2.9.7A.2 SWITCH IN REDUNDANT COMPONENT 
4.2.9.7A.3 MAKE DIAGNOSTIC CHECKS 
4.2.9.7A 4 UPDATE SPACECRAFT MODEL 
4.2.9.7B COMPONENT FAILURE RECOVERY (ON-BOARO REPAIR) 

4.2.9.7B.1 DEFINE ACCESS SEQUENCE 
4.2.9.7B.2 LOCATE ACCESS PANEL 

4.2.9.7B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
4.2.9.7B.4 OPEN ACCESS PANEL 

4.2.9.7B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
4.2.9.7B.6 REMOVE COMPONENT 
4.2.9.7B.7 STORE COMPONENT 
4.2.9.7B.B LOCATE NEW COMPONENT 
4.2.9.7B.9 POSITION AND CONNECT NEW COMPONENT 
4.2.9.7B.10 AHiUST COMPONENT 
4.2.9.7B.11 MAKE DIAGNOSTIC CHECKS 
4.2.9.7B.12 CLOSE ACCESS PANEL 
4.2.9.7B.13 STOW REPAIR EQUIPMENT 
42.9.7B.14 UPDATE SPACECRAFT MODEL 

4.2.9.B SOFTWARE FAILURE RECOVERY 

4. 2. 9. 8.1 DETERMINE CORRECTION ALGORITHM 

4. 2. 9. 8. 2 data/command ENCODING 

4. 2. 9. 8. 3 DATA/COMMAND TRANSMISSION 

4. 2. 9. 8. 4 COMPUTER FUNCTION CHECKS 

4. 2. 9. 9 separation OF S® FROM ORBITER 

4. 2. 9. 9.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 

4. 2. 9. 9. 2 UNDOCKING OF ORBITER FROM SP 

4. 2. 9. 9. 3 DETERMINE CURRENT ORBITAL PARAMETERS 

4. 2. 9. 9 4 determine CURRENT ATTITUDE 

4. 2. 9. 9. 5 determine DESIRED ORBITAL PARAMETERS 

4. 2. 9. 9. 6 CHOOSE OPTIMAL TRAJECTORY 

4.2.9. D.7 retract SOLAR ARRAYS 

4. 2. 9. 9. 8 retract RADIATORS 

4. 2. 9. 9. 9 ORIENT tNRUSTERS 

4.2.9.9.10 FIRE THRUSTERS 

4.2.9.9.11 ACTIVATE SUBSYSTEMS 

4.2.9.9.12 POWER SUBSYSTEM CHECKOUT 

4. 2. 9. 9 13 THERMAL SUBSYSTEM CHECKOUT 

4. 2. 9. 9 14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

4.2.9.9.15 STRUCTURE SUBSYSTEM CHECKOUT 

4.2.9.9.16 COMMUNICATIONS SUBSYSTEM CHECKOUT 

4.2.9.9.17 SP/PAYLOAO INTERFACE CHECKOUT 

4.2.9.9.18 CONSUMABLES LEVELS CHECKOUT 

4.2.9.9.19 COMPARE MEASURED DATA TO MODEL 

4.2.9.9.20 DEPLOY SOLAR ARRAYS 

4.2.9 9.21 DEPLOY RADUTORS 

4.2.10 STATUS MONITORING AND RESOURCE ALLOCATION 


This Is prlmBrily allocation of power’'^no thermal dump capacity. 

Experiments provide thdr own materials, Put must share power and thermal 
systems Resource allocation is a scheduling procedure to prevent overload 
of the power and thermal subsystems. 
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4.2.10.1 TEMPERATURE MANAGEMENT 

4.2.10 1.1 MEASURE COMPONENT TEMPERATURES 

4.2.10.1.2 compare TEMPERATURE TO REQUIRED MMIT5 

4.2.10.1.3 ADUUST COOLINS/HEATING SYSTEMS 

4.2.10.2 POWER MANAGEMENT 

4.2.10.2.1 MEASURE CURRENTS AND VOLTAGES 

4.2.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

4.2.10 2,3 EVALUATE BATTERY CHARGING PERFORMANCE 

4.2.10.2.4 ADUUST CURRENTS AND VOLTAGES 

4.2. 10. 2. 5 ADJUST BATTERY CHARGING CYCLE 

4.2.10.3 DATA/COMMAND PROCESSING 

4.2.10.3.1 SHORT-TERM MEMORY STORAGE 

4.2.10.3.2 LONG-TERM MEMORY STORAGE 

4.2.10.3.3 DATA/COMMAND ENCODING 

4.2 10.3.4 DATA/COMMAND DECODING 

4.2.10.3.5 NUMERICAL COMPUTATION 

4.2.10.3.6 LOGIC OPERATIONS 

4.2. 10. 3. T COMPUTER LOAD SCHEDULINS 
4.2.10.3.8 COMPUTER FUNCTION CHECKS 

4.2.10.4 CONSUMABLES MANAGEMENT 


Many onboard exporlmonts roouire cupplloc of cryogons or rnatorlals for 
operation which must bo peModicany replaced. If a supply is dspleted 
faster than expected then its storage dovico slgHals that the supply Is 
low. It may also predict In advance that a supply will be depleted. 


4.2.10.4.1 MONITOR GAS SUPPLIES 

4.2.10.4.2 MONITOR PROPELLANT SUPPLIES 

4.2.10.4.3 MONITOR COOLING SYSTEM SUPPLIES 

4.2.10.4.4 PROJECT CONSJM.BLES REQUIREMENTS FROM MISSION PROFILE 

4.2.10.4.5 COMPUTE OPTIMA ^ CONSUMABLES ALLOCATION 

4.2.10.5 STRUCTURAL MANAGEMENT 

4.2.10.5.1 MEASURE STRAINS IN STRUCTURE 

4.2.10.5.2 MEASURE RELATIVE DISPLACEMENTS 

4.2.10.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS 

4.2.10.5.4 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 

4.2.10.5.5 APPLY COMPENSATING FORCES 

4.2.10.5.6 APPLY VIBRATION DAMPING 

4.2.10.6 HAZARD AVOIDANCE 

4.2,10.6.1 AVOID TANK OVERPRESSURES 

4,2.10 6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 
4.2.10.6.3 MONITOR MICRO-GRAVITY LEVELS 


Since 50tno materials processing experiments require ultra-low acceleration 
or "gravity" levels it is necessary to monitor the "g" loads and structural 
vihrotion to Insure that those experiments are not disturbed, Also, some 
ovher SASP payload operations may need schedule adjustment to avoid 
generating "g“ loads. For example; The slewing of a large instrument such 
as a telescope could induce significant "g" loads. This operation would 
have to be scheduled when materials processing is not in progress. 


4.2.10.6.4 MAINTAIN COMMUNICATION LINKS 

4.2.10.6.5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 

4.2.10.7 OPTIMAL SEQUENCING 

4.2.10.7.1 UPDATE SPACECRAFT MODEL 

4.2.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

4.2.10.7.3 estimate risks FROM DESIRED FUNCTIONS 

4.2.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

4.2.10.7.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

4.2.10.7.6 COMPUTE OPTIMAL SEQUENCING 

4.2.10.8 IDENTIFY DEFECTIVE COMPONENT 

4.2.10.8.1 DETERMINE ANOMALOUS DATA 

4.2.10.8.2 FORM HYPOTHESIS FOR PROBLEM 

4.2.10.9 REPORT SYSTEMS STATUS 

4.2.10.9.1 DATA/COMMAND ENCODING 

4.2.10.9.2 DATA/COMMAND TRANSMISSION 

4.2.10.9.3 DATA/COMMAND DECODING 

4.2.10.9.4 OATA/COMMAND DISPLAY 

4,2.11 ATTITUDE CON”ROL ANO STABILIZATION 

4.2.11.1 MAINTAIN ATTITUDE 

4.2.11.1.1 INITIALIZE GUIDANCE SYSTEM 
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4.2.11.1 i DETEfJMI.st CURRENT ATTITUDE 

4.2 11 IS 2?tcdminB new CONFIGURATION FOR SPACECRAFT COMPONENTS 

4.2.11.1 4 CHOOSE OHTIMAU TRAJECTORY 

4.2 11 I.e ROTATE SPACECRAFT 

4.2.11.2 MAINTAIN QROIT 

4.2 11,2.1 OETERMINE CURRENT ORBITAL PARAMETERS 

4.2.11 2.2 DETERMINE DESIRED ORBITAL PARAMETERS 

4.2.11.2.3 CHOOSE OPTIMAL TRAJECTORY 

4.2.11.2.4 RETRACT SOLAR ARRAYS 

4.2.11.2.5 RETRACT RADIATORS 

4. 2. 11. 2. C FIRE thrusters 

4.2.11.3 OPTIMAL CONTROL ALLOCATION 

4.2.11.3.1 UPDATE SPACECRAFT MODEL 

4.2.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFItE 

4.2.11 3 3 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

4.2.11 3 4 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

4.2.11 3. B CHOOSE OPTIMAL CONTROL MODE 

4.2. 11. 3. C COMPUTE CONTROL COMMANDS 

4.2.11 3 7 EXECUTE CONTROL COMMANDS 

4.2.12 PRE-EXPERIMENT OPERATIONS 

4.2.13 CONDUCT PAYLOAD-SPECIFIC EXPERIMENT 


Certain experlmontc may not bo poooibio to run simultaneously because of 
power, viewing angle, contamination, or other constraints. 


4.2.14 POST-EXPERIMENT OPERATIONS 


The SASP must provide a moans for each instumont or experiment to transmit 
It,, status and data. During some experiments data transmission will be a 
continuous process, during otnorc it will bo a discrete process. The 
control of materials experiments may require real time data transmission to 
allow oxper Imentors on the ground to Interact with their experiments. 

Earth ronources inBtrumnntE will generate largo amounts of data to be. 
transmitted. 


4.2.15 SERVICING AND RESUPPLY 

4.2. 13 1 PRE-RENDEZVOUS PREPARATIONS 

4.2.15.1.1 SEND GROUND SIGNAL TO SP TO BEGIN SERV. SEO. 

4.2.15 1 2 REDUCE POWER TO SUBSYSTEMS 
4. 2. IF. 2 ORBITER/SP RENDEZVOUS AND CAPTURE 

4.2.15 2.1 DETERMINE CURRENT ORBITAL PARAMETERS 

2.2 DETERMINE CURRENT ATTITUDE 

2.3 DETERMINE DESIRED ORBITAL PARAMETERS 

2.4 CHOOSE OPTIMAL TRAUECTORY 

2.5 RETRACT SOLAR ARRAYS 
2.G RETRACT RADIATORS 
27 ORIENT THRUSTERS 

2.8 FIRE thrusters 

2.9 ORBITER AND SP VELOC'^Y AND TRAJECTORY ADJUSTMENTS 
,2 10 OPEN PAYLOAD BAY DOORS 

11 ACTIVATE DOCKING ADAPTER 

12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 


2.15 
2.15. 
2. IB 
2 . 15 


4.2 

4.2 


4.2.15.3 


2 
2 

2.13 SP berthing on DOCKING ADAPTER 
REMOVAL AND TRANSFER OF PAYLOADS 


4.2.15.3 1 SHUTDOWN PAYLOADS 

4.2.15.3.2 ACTIVATE RMS 

4.2.15.3.3 LOCATE GRASPING FIXTURE ON TARGET 
4.2.15.34 GRASP FIXTURE 

4,2 IS. 3. 5 RELEASE PAYLOAD RESTRAINTS 

4,2.15 3, e TRANSLATE PAYLOAD TO CRADLE 
4.2.15.3.7 FASTEN PAYLOAD RESTRAINTS 
4,2 15 3.8 ORIENT NEW PAYLOADS 
4 2 15.3.9 ATTACH NEW PAYLOADS 

4.2.15.3,10 OREITER/PAYLOAD INTEGRATION CHECKOUT 
.15.4 NON-SCHEDULED MAINTENANCE 
.15.5 operational CHECKOUT 


4.2.15.5.1 ACTIVATE SUBSYSTEMS 

4.2.15.5.2 POWER SUBSYSTEM CHECKOUT 

4.2 15.5.3 THERMAL SUBSYSTEM CHECKOUT 

4.2. 15. 5. 4 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

4.2.15.5.5 STRUCTURE SUBSYSTEM CHECKOUT 

4.2 15.5 G COMMUNICATIONS SUBSYSTEM CHECKOUT 
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4.2.15.5.7 SP/PAYLOAD INTERFACE CHECKOUT 

4.2.15.5.8 CONSUMABLES LEVELS CHECKOUT 
4.2. 1b. 5 9 COMPARE MEASURED DATA TO MODEL 

4.2.15.6 SEPARATION OF ORBITER AND 5P 

4.2.15.6.1 SECURE RMS IN PAYLOAD BAY 

4.2.15.6.2 CLOSE PAYLOAD BAY DOBRS 

4.2.15.6.3 UNDOCKING OF ORBITER FROM SP 

4.2.16 RETRIEVAL BY ORBITER 

4.2.16.1 ORBITtR/5P RENDEZVOUS AND CAPTURE 

4.2.16.1.1 DETERMINE CURRENT ORBITAL PARAMETERS 

4.2.16.1.2 DETERMINE CURRENT ATTITUDE 

4.2.16.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

4.2.16.1.4 CHOOSE OPTIMAL TRAJECTORY 

4.2.16.1.5 RETRACT SOLAR ARRAYS 

4.2.16.1.6 RETRACT RADIATORS 

4.2.16.1.7 ORIENT IHRUS’^ERS 

4.2. 16. 1.8 FIRE THRUSTERS 

4.2.16.1.9 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 

4.2.16.1.10 OPEN PAYLOAD BAY DOORS 

4.2.16.1.11 ACTIVATE DOCKING ADAPTER 

4. 2. 16. 1.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 

4.2.16.1.13 SP BERTHING ON DOCKING ADAPTER 

4.2.16.1.14 ACTIVATE RMS 

4.2.16.2 PAYLOAD WITHDRAWAL FROM SP 

4.2.16.2.1 SP INTERFACE WITH PAYLOAD IS SHUTDOWN 

4.2.16.2.2 PAYLOAD INTERNAL POWER ACTIVATED 

4.2.16.2.3 LOCATE GRASPING FIXTURE ON TARGET 

4.2.16.2.4 GRASP FIXTURE 

4.2.16.2.5 RELEASE PAYLOAD RESTRAINTS 

4.2.16.2.6 TRANSLATE PAYLOAD TO CRADLE 

4.2.16.2.7 FASTEN PAYLOAD RF.STRAINT5 

4.2.16.3 SHUTTLE/PAVLOAD INTEGRATION AND TEST 

4.2.16.3.1 ORBITER/PAYLOAD INTEGRATION CHECKOUT 

4.2 16.3.2 CLOSE PAYLOAD BAY DOORS 

4.2.16.4 SEPARATION OF SP FROM ORBITER 

4.2.16.4.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 

4.2.16.4.2 UNDOCKING OF ORBITER FROM SP 

4.2.16.4.3 DETERMINE CURRENT ORBITAL PARAMETERS 

4,2.16.4 4 DETERMINE CURRENT ATTITUDE 

4.2.16.4.5 DETERMINE DESIRED ORBITAL PARAMETERS 

4.2.16.4.6 CHOOSE OPTIMAL TRAJECTORY 

4.2.16.4.7 retract solar ARRAYS 

4.2.16.4,6 RETRACT RADIATORS 
4.2,16.4.9 ORIENT THRUSTERS 
4.2.16.4.1' FIRE THRUSTERS 

4.2.16.4.11 ACTIVATE SUBSYSTEMS 

4.2.16.4.12 POWER SUBSYSTEM CHECKOUT 

4.2.16.4.13 THERMAL SUBSYSTEM CHECKOUT 

4.2.16.4.14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

4.2.16.4.15 STRUCTURE SUBSYSTEM CHECKOUT 

4.2.16.4.16 COMMUNICATIONS SUBSYSTEM CHECKOUT 

4.2.16.4.17 SP/PAYLOAD INTERFACE CHECKOUT 

4.2.16.4.18 CONSUMABLES LEVELS CHECKOUT 

4.2.16.4.19 COMPARE MEASURED DATA TO MODEL 

4.2.16.4.20 DEPLOY SOLAR ARRAYS 

4.2.16.4.21 DEPLOY RADIATORS 

4.2.17 RE-ENTRY AND LANDING OF ORBITER 

4.2.18 POST-FLIGHT OPERATIONS 

4 j;.18.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 

4.2.18.2 REMOVAL OF PAYLOADS FROM ORBITER 

4.2.18.2.1 OPEN PAYLOAD BAY DOORS 

4.2.18.2.2 PRIORITY REMOVAL OF TIME-CRITICAL ITEMS 

4.2.18.2.3 ATTACH STRONGBACK TO PAYLOAD 

4.2.18.2.4 LOAD PAYLOAD INTO CANISTER 

4.2.18.3 PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY 


SCIENCE AND APPLICATIONS MANNED SPACE PLATF0R4 


The SAMSP specific material in this breakdown was obtained from the followino 
two sources: Final Report for Payloads Requ l remonts/Accamodat Ions AssessmeOi’ 
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study fo'* Seisnee •nd Applieationa Spnee Plotferms, MSFC Contract No. 
NAS8-337S0 6y TRW Ine. November 1GB0. Cencoptual Design Study Science and 
Applications Space Platform, MSFC Contract No, NAS0-33BO2 by McDonnell 
Douglas Astronautics Co. October iseo. 


4.3 SCIENCE AND APPLICATIONS MANNED SPACE PLATFDRM (SAMSP) 

4.31 DESIGN 

4.3.1. 1 DEFINE REQUIREMENTS 

4.3. 1.2 SELECT PAYLOADS 

4.3. 1 .3 MISSION ANALYSIS 

4.3. 1.4 PAYLOAD ACCOMODATIONS 

4. 3. 1.5 CREATE FUNCTIONAL LAYOUT 

4.3. 1. C CREATE MECHANICAL LAYOUT 

4.3.2 COMPONENT FABRICATION 

4.3.2. 1 PROCURE OFF-THE-SHELF COMPONENTS 

4. 3. 2. 2 PROCURE MATERIALS FOR MANUFACTURE OF COMPONENTS 

4. 3. 2. 3 PROCURE MANUFACTURING EQUIPMENT 

4. 3. 2. 4 MANUFACTURE COMPONENTS 

4.3.3 COMPONENT TEST 

4.3.3. 1 SET UP TEST FACILITIES 

4. 3. 3. 2 STRUCTURAL LOADS TESTS 

4. 3. 3. 3 DATA PROCESSING AND SOFTWARE TESTS 

4. 3. 3. 4 SOLAR ARRAY DEPLOYMENT TESTS 

4. 3. 3. 5 CHECK SF PATTERN 

4.3.3. B ELECTRICAL SYSTEMS TESTS 

4. 3. 3. 7 THERMAL AND VACUUM TESTS 

4. 3. 3. 8 COMPCNENT CERTIFICATION 

4.3.4 SYSTEM INTEGRATION 

4. 3. 4.1 RECEIVE AND SORT COMPONENTS 

4. 3. 4. 2 POSITION AND ORIENT COMPONENT 

4. 3. 4. 3 ATTACH COMPONENTS 

4.3.5 SYSTEM TEST 

4.3.5. 1 POWER SUBSYSTEM TEST 

4. 3. 5. 2 THERMAL SUBSYSTEM TESTS 

4.3.5. 3 INFORMATION PROCESSING SUBSYSTEM TESTS 

4. 3. 3. 4 STRUCTURE SUBSYSTEM TESTS 

4. 3. 5. 5 COMMUNICATIONS SUBSYSTEM TESTS 

4.3.5.5 ANALYZE PERFORMANCE DATA 

4. 3. 5. 7 REPEAT CONSTRUCTION/CHECKOUT CYCLE UNTIL O.K. 

4.3.6 PAYLOAD INSTALLATION AND TRANSFC.TT 

4.3.6. 1 TESTING AT INTEGRATION SITE 

4. 3. 6. 2 REMOVE TEST EQUIPMENT 

4. 3. 6. 3 PERFORM NECE.SSARY DISASSEMBLY 

4. 3. 6. 4 PACKING 

4. 3. 6. 5 TRANSPORT TO LAUNCH SITE 

4.3.7 ORBITER/PAYLOAD INTEGRATION AND CHECKOUT 

43.7.1 UNPACKING 

4. 3. 7. 2 PERFORM NECESSARY REASSEMBLY 

4. 3. 7. 3 INTEGRATED SYSTEMS TESTS 

4. 3. 7. 3.1 VEkIFY POWER SYSTEM FUNCTION 

4. 3. 7. 3. 2 VERIFY COMMAND SYSTEM FUNCTION 

4. 3. 7. 3. 3 VERIFY MECHANICAL SYSTEM FUNCTION 

4. 3. 7. 3. 4 VERIFY COMMUNICATIONS SYSTEM FUNCTION 

4. 3. 7. 4 PERFORM INTERFACES CHECK, 

4. 3. 7. 4.1 CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 

4. 3. 7. 4. 2 CHECK ELECTRICAL INTERFACES 

4. 3. 7. 5 TRANSFER PAYLOAD TO ORBITER PROCESSING FACILITY 

4. 3. 7. 5.1 ATTACH STRONGBACK TO PAYLOAD 

4. 3. 7. 5. 2 LOAD PAYLOAD INTO CANISTER 

4. 3. 7. 5. 3 REMOVE STRONGBACK 

4. 3. 7. 5. 4 CLOSE CANISTER 

4. 3. 7. 5. 5 TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 
4.3.7.G ORBITER/PAYLOAD INTEGRAT.'ON 

4.3.7.G.1 ATTACH STRONGBACK TO PAYLOAD 

4. 3. 7. 6. 2 INSTALL PAYLOAD IN ORBITER 

4. 3. 7. 6. 3 CONNECT ORBITER/PAYLOAD INTERFACES 

4. 3. 7. 6. 4 CHECK ELECTRICAL INTERFACES 

4. 3. 7. 6. 5 CLOSE-OUT PAYLOAD BAY 

4. 3. 7. 6. 6 INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 

4. 3. 7. 6. 7 INSTALLATION OF DMS KIT 
4.3.0 COUNTDOWN AND LAUNCH 
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4.3.B ORBITAL DEPLOYMENT AND CHECKOUT 

4.3,9, t OREITER/SP RENDEZVOUS AND CAPTURE 

4.3,9. 11 DETERMINE CURRENT ORBITAL PARAMETERS 

4.3.9 1.2 DETERMINE CURRENT ATTITUDE 

4.3.9. 1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

4.3.9. 1.4 CHOOSE OPTIMAL TRAJECTORY 

4.3.9. 1.5 RETRACT SOLAR ARRAYS 

4.3.9. 1C retract RADIATORS 

4.3.0. 1.7 SP ON INTERNAL POWER 

4.3.9. 1,B ORIENT THRUSTERS 

4.3.9. 1 .9 FIRE THRUSTERS 

4.3.9.1.10 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 

4.3.9.1.11 OPEN PAYLOAD BAY DOORS 

4.3.9.1.12 ACTIVATE DOCKING ADAPTER 

4.3.9.1.13 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 

4.3.9. 1 14 SP BERTHING ON DOCKING ADAPTER 
4.3.9.1.15 ACTIVATE RMS 

4. 3. 0.2 REMOVE OLD SP PAYLOAD FROM TARGET BERTH 

4. 3. 9. 2.1 OPEN PAYLOAD BAY DOORS 

4. 3. 9. 2. 2 LOCATE GRASPING FIXTURE ON TARGET 

4. 3. 9. 2. 3 GRASP FIXTURE 

4. 3. 9. 2. 4 RELEASE PAYLOAD RESTRAINTS 

4. 3. 9. 2. 5 STOW OLD PAYLOAD IN ORBITER 

4 3.9.3 DEPLOY NEW PAYLCAD FROM PAYLOAD BAY 

4. 3. 9. 3.1 LOCATE NEW PAYLOAD 

4 .3. 9. 3. 2 GRASP FIXTURE 

4. 3. 9. 3 3 RELEASE PAYLOAD RESTRAINTS 

4. 3. 9. 3. 4 ATTACH NEW PAYLOAD TO SP 

4.3.9 4 OPERATIONAL CHECKOUT 

4. 3. 9. 4.1 ACTIVATE SUBSYSTEMS 

4. 3. 9. 4 2 POWER SUBSYSTEM CHECKOUT 

4. 3. 9. 4. 3 THERMAL SUBSYSTEM CHECKOUT 

4. 3. 9. 4 4 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

4.3.9 4.5 STRUCTURE SUBSYSTEM CHECKOUT 

4. 3. 9. 4. 6 COMMUNICATIONS SUBSYSTEM CHECKOUT 

4. 3. 9. 4. 7 SP/PAYLOAD INTERFACE CHECKOUT 

4.39.4 B ATTITUDE CONTROL SUBSYSTEM CHECKOUT 

4. 3. 9. 4 9 CONSUMABLES LEVELS CHECKOUT 

4,3.9.4.10 COMPARE MEASURED DATA TO MODEL 

4. 3, 9. 5 IDENTIFY DEFECTIVE COMPONENT 

4. 3. 9. 5.1 DETERMINE ANOMALOUS DATA 

4. 3. 9. 5. 2 FORM HYPOTHESIS FOR PROBLEM 

4. 3. 9. 5. 3 DEVISE TEST FOR FAILURE HYPOTHESIS 

4. 3. 9. 5 4 PERFORM TEST FOR FAILURE HYPOTHESIS 

4. 3. 9. 5. 5 IDENTIFY FAULTY COMPONENT 

4.3.9 6 identify defecitve software 

4,3.9.61 COMPARE MEASURED DATA TO MODEL 

4. 3. 9. 6. 2 DETERMINE ANOMALOUS DATA 
4. 3. 9. 6 3 FORM HYPOTHESIS FOR PROBLEM 

4. 3. 9. 6. 4 DEVISE TEST FOR FAILURE HYPOTHESIS 
4. 3. 9. 6 5 PERFORM TEST FOR FAILURE HYPOTHESIS 

4.3.9.7A COMPONENT FAILURE RECOVERY (REDUNDANCY) 

4.3.9.7A.1 SWITCH OUT FAULTY COMPONENT 
4.3.9.7A.2 SWITCH IN REDUNDANT COMPONENT 
4.3.9.7A.3 MAKE DIAGNOSTIC CHECKS 
4.3.S.7A.4 UPDATE SPACECRAFT MODEL 
4.3.9.7B COMPONENT FAILURE RECOVERY (ON-BOARD REPAIR) 

4,3,9.78.1 DEFINE ACCESS SEOUENCL 
4.3.9.7B2 LOCATE ACCESS PANEL 

4.3.9,7B.3 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
4.3.9.7B.4 OPEN ACCESS PANEL 

4.3.9.7B.5 OBSERVE/LOCATE DEFECTIVE COMPONENT 
4.3.9.7B.G REMOVE COMPONENT 

4.3.9.78.7 STORE COMPONENT 
4.3.9.7B.B LOCATE NEW COMPONENT 
4.3.9.7B.9 POSITION AND CONNECT NEW COMPONENT 
4.3.9.7B.10 ADJUST COMPONENT 

4.3.9.7B 11 MAKE DIAGNOSTIC CHECKS 

4.3.9 7B. 12 CLOSE ACCESS PANEL 
4.3.9.7B.13 STOW REPAIR EQUIPMENT 
4.3.9.7B14 UPDATE SPACECRAFT MODEL 

4. 3. 9. 8 software FAILURE RECOVERY 
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4. 3. 9. 8.1 DETERMINE CORRECTION ALGORITHM 

4. 3. 9. 8. 2 DATA/COMMAND ENCODING 

4. 3. 9. 8. 3 DATA/COMMAND TRANSMISSION 

4. 3. 9. 8. 4 COMPUTER FUNCTION CHECKS 
4. 3. 9. 9 SEPARATION OF SP FROM ORBITER 

4. 3. 9. 9.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAVLOAD CONTROL 

4. 3. 9. 9. 2 UNDOCKING OF ORBITER FROM SP 

4. 3. 9. 9. 3 DETERMINE CURRENT ORBITAL PARAMETERS 

4. 3. 9. 9. 4 DETERMINE CURRENT ATTITUDE 

4. 3. 9. 9. 5 DETERMINE DESIRED ORBITAL PARAMETERS 

4. 3. 9. 9. 6 CHOOSE OPTIMAL TRAJECTORY 

4. 3. 9. 9. 7 RETRACT SOLAR ARRAYS 

4. 3. 9. 9. 8 RETRACT RADIATORS 

4. 3. 9. 9. 9 SP ON INTERNAL POWER 

4.3.9.9.10 ORIENT THRUSTERS 

4.3.9.9.11 FIRE THRUSTERS 

4.3.9.9.12 ACTIVATE SUBSYSTEMS 

4.3.9.9.13 POWER SUBSYSTEM CHECKOUT 

4.3.9.9.14 THERMAL SUBSYSTEM CHECKOUT 

4.3.9.9.15 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

4.3.9.9.16 STRUCTURE SUBSYSTEM CHECKOUT 

4.3.9.9.17 COMMUNICATIONS SUBSYSTEM CHECKOUT 

4.3.9.9.18 SP/PAYLOAD INTERFACE CHECKOUT 

4.3.9.9.19 CONSUMABLES LEVELS CHECKOUT 

4.3.9.9.20 COMPARE MEASURED DATA TO MODEL 

4.3.9.9.21 DEPLOY SOLAR ARRAYS 

4.3.9.9.22 DEPLOY RADIATORS 

4,3.10 STATUS MONITORING AND RESOURCE ALLOCATION 



In addition to standard data acquisition, the SAMSP must also allow data on 
the spacecraft status to be available for crew use and the crew must be 
able to enter their observations and data. 


4.3.10.1 TEMPERATURE MANAGEMENT 

4.3.10.1.1 MEASURE COMPONENT TEMPERATURES 

4.3.10.1.2 COMPARE TEMPERATURE TO REQUIRED LIMITS 

4.3.10.1.3 ADJUST CODLING/HEATING SYSTEMS 

4.3.10.2 POWER MANAGEMENT 

4.3.10.2.1 MEASURE CURRENTS AND VOLTAGES 

4.3.10.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

4.3.10.2.3 EVALUATE BATTERY CHARGING PERFORMANCE 

4.3.10.2.4 ADJUST CURRENTS AND VOLTAGES 

4.3.10.2.5 ADJUST BATTERY CHARGING CYCLE 

4.3.10.3 DATA/COMMAND PROCESSING 

4.3.10.3.1 SHORT-TERM MEMORY STORAGE 

4.3.10.3.2 LONG-TERM MEMORY STORAGE 

4.3.10.3.3 DATA/CDMMAND ENCODING 

4.3.10.3.4 DATA/COMMAND DECODING 

4.3.10.3.5 NUMERICAL COMPUTATION 

4.3.10.3.6 LOGIC OPERATIONS 

4.3.10.3.7 COMPUTER LOAD SCHEDULING 

4.3.10.3.8 COMPUTER FUNCTION CHECK’S 

4.3.10.4 CONSUMABLES MANAGEMENT 

4.3.10.4.1 MONITOR GAS SUPPLIES 

4.3.10.4.2 MONITOR PROPELLANT SUPPLIES 

4.3.10.4.3 MONITOR COOLING SYSTEM SUPPLIES 

4.3.10.4.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

4.3.10.4.5 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 

4.3.10.5 STRUCTURAL MANAGEMENT 

4.3.10.5.1 MEASURE STRAINS IN STRUCTURE 

4.3.10.5.2 MEASURE RELATIVE DISPLACEMENTS 

4.3.10.5.3 COMPUTE STRESS AND VIBRATION PARAMETERS 

4.3.10.5.4 COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 

4.3.10.5.5 APPLY COMPENSATING FORCES 

4.3.10.5.6 APPLY VIBRATION DAMPING 

4.3.10.6 HAZARD AVOIDANCE 

4.3.10.6.1 AVOID TANK OVERPRESSURES 

4.3.10.6.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 

4.3.10.6.3 MONITOR MICRO-GRAVITY LEVELS 

4.3.10.6.4 MAINTAIN COMMUNICATION LINKS 

4.3.10.6.5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 

4.3.10.7 OPTIMAL SEQUENCING 
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4.3.10.7.1 UPDATE SPACECRAFT MODEL 

4.3.10.7.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

4.3.10.7.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

4.3.10.7.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

4.3.10.7.3 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
4.3.10.7.6 COMPUTE OPTIMAL SEQUENCING 

4.3.10.8 IDENTIFY DEFECTIVE COMPONENT 

4.3.10.8.1 DETLRMINE ANOMALOUS DATA 

4.3.10.8.2 FORM I'YPOTHESIS FOR PROBLEM 

4.3.10.9 REPORT SY5TI MS STATUS 

4.3.10.9.1 DATA/' OMMAND ENCODING 

4.3.10.9.2 DATA/COMMAND TRANSMISSION 

4.3.10.9.3 DATA/COMMAND DECODING 

4.3.10.9 4 DATA/COMMAND DISPLAY 

4.3.11 ATTITUDE CONTROL AND STABILIZATION 

4.3.11.1 MAINTAIN ATTITUDE 

4.3.11.1.1 INITIALIZE GUIDANCE SYSTEM 

4.3.11.1.2 DETERMINE CURRENT ATTITUDE 

4.3.11.1.3 DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

4.3.11.1.4 CHOOSE OPTIMAL TRAJECTORY 

4.3.11.1.5 ROTATE SPACECRAFT 

4.3.11.2 MAINTAIN ORBIT 

4.3.11.2.1 DETERMINE CURRENT ORBITAL PARAMETERS 

4.3.11.2.2 DETERMINE DESIRED ORBITAL PARAMETERS 

4.3.11.2.3 CHOOSE OPTIMAL TRAJECTORY 

4.3.11.2.4 RETRACT SOLAR ARRAYS 

4.3.11.2.5 RETRACT RADIATORS 

4.3.11.2.6 FIRE THRUSTERS 

4.3.11.3 OPTIMAL CONTROL ALLOCATION 

4.3. 11.3.1 UPDATE SPACECRAFT MODEL 

4.3.11.3.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

4.3.11.3.3 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

4.3.11.3.4 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 

4.3.11.3.5 CHOOSE OPTIMAL CONTROL MODE 

4.3.11.3.6 COMPUTE CONTROL COMMANDS 

4.3.11.3.7 EXECUTE CONTROL COMMANDS 

4.3.12 STATUS MONITORING AND RESOURCE ALLOCATION (LIFE SUPPORT) 

4.3.12.1 HABITAT MODULE ENVIRONMENT MANAGEMENT 

4.3.12.1.1 MEASURE MODULE ATMOSPHERIC TEMPERATURES 

4.3.12.1.2 COMPARE ATMOSPHERIC TEMPERATURES TO REQUIRED LIMITS 

4.3.12.1.3 ADJUST COOLING/HEATING SYSTEMS 

4.3.12.1.4 MONITOR HABITAT PRESSURE. ATMOSPHERIC COMPOSITION 

4.3.12.1.5 COMPARE TO REQUIRED LIFE SUPPORT CONDITIONS 

4.3.12.1.6 ADJUST HAB I TAT-MA INTENANCE SUBSYSTEMS 

4.3.12.2 LIFE SUPPORT SYSTEM POWER MANAGEMENT 

4.3.12.2.1 MEASURE CURRENTS AND VOLTAGES 

4.3.12.2.2 COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

4.3.12.2.3 EVALUATE SOLAR ARRAY PERFORMANCE 

4.3.12.2.4 EVALUATE BATTERY CHARGING PERFORMANCE 

4.3.12.2.5 ADJUST CURRENTS AND VOLTAGES 

4.3.12.2.6 ADJUST BATTERY CHARGING CYCLE 

4.3.12.3 CONSUMABLES MANAGEMENT 

4.3.12.3.1 MONITOR GAS SUPPLIES 

4.3.12.3.2 MONITOR HABITAT-MAINTENANCE SYSTEMS SUPPLIES 

4.3.12.3.3 MONITOR SUPPLIES, CONDITION OF PERISHABLES 

4.3.12.3.4 MONITOR EQUIPMENT INVENTORY 

4.3.12.3.5 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

4.3.12.3.6 COMPUTE OPTIMAL CONSUMABLES ALLOCATION 

4.3.12.4 HAZARD AVOIDANCE 

4.3.12.4.1 MAINTAIN EMERGENCY CONSUMABLES RESERVE 

4.3.12.4.2 MAINTAIN SAFE BATTERY CHARGE LEVELS 

4.3.12.4.3 MONITOR RADIATION LEVELS 

4.3.12.4.4 MAINTAIN COMMUNICATION LINKS 

4.3.12.4.5 AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGK'i 

4.3.12.4.6 MONITOR VITAL SIGNS OF CREW MEMBERS 

4.3.12.4.7 MONITOR REST. NUTRITION OF CREW MEMBERS 

4.3.12.5 OPTIMAL HABITAT SEQUENCING 

4.3.12.5.1 UPDATE HABITAT MODEL 

4.3.12.5.2 PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 

4.3.12.5.3 ESTIMATE RISKS FROM DESIRED FUNCTIONS 

4.3.12.5.4 PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

4.3.12.5.5 DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
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4.3. 12. 5. G COMPUTE OPTIMAL SEQUENCING QF POOu^. 

4.3.12.6 FAILURE RECOVERY (ON-BOARD REPAIR) 

4.3.12.6.1 COMPARE MEASURED DATA TO MODEL 

4.3.12.6.2 DETERMINE ANOMALOUS DATA 

4.3.12.6.3 FORM HYPOTHESIS FOR PROBLEM 

4.3.12.6.4 DEVISE TEST FOR FAILURE HYPOTHESIS 

4.3.12.6.5 PERFORM TEST FOR FAILURE HYPOTHESIS 

4.3.12.6.6 DEFINE ACCESS SEQUENCE 

4.3.12.6.7 LOCATE ACCESS PANEL 

4.3.12.6.8 TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 

4.3.12.6.9 OPEN ACCESS PANEL 

4.3.12.6.10 OBSERVE/LOCATE DEFECTIVE COMPONENT 

4.3.12.6.11 REMOVE COMPONENT 

4.3.12.6.12 STORE COMPONENT 

4.3.12.6.13 LOCATE NEW COMPONENT 

4.3.12.6.14 POSITION AND CONNECT NEW COMPONENT 

4.3.12.6.15 ADJUST COMPONENT 

4.3.12.6 16 MAKE DIAGNOSTIC CHECKS 

4.3.12.6.17 CLOSE ACCESS PANEL 

4.3.12.6.18 STOW REPAIR EQUIPMENT 

4.3.12.6.19 UPDATE SPACECRAFT MODEL 

4.3.12.7 FAILURE RECOVERY (REDUNDANCY) 

4.3 12.7 1 SWITCH OUT FAULTY COMPONENT 

4.3.12.7.2 SWITCH IN REDUNDANT COMPONENT 

4.3.12.7 3 MAKE DIAGNOSTIC CHECKS 
4.3.12.7.4 UPDATE SPACECRAFT MODEL 

4.3.13 PRE-EKPERIMENT OPERATIONS 

4.3.14 CONDUCT PAYLOAD-SPECIFIC EXPERIMENT 

4.3.15 POST-EXPERIMENT OPERATIONS 

4.3.16 SERVICING AND RESUPPLY 

4.3.16.1 PRE-RENDEZVOUS Pl.'EPARAT IONS 

4.3.16 1.1 SEND GROUND SIGNAL TO SP TO BEGIN 5ERV. SEO. 

4.3.16 1.2 REDUCE POWER TO SUBSYSTEMS 

4.3.16.2 ORBITER/SP RENDEZVOUS AND CAPTURE 

4.3 16.2.1 DETERMINE CURRENT ORBITAL PARAMETERS 

4.3.16 2.2 DETERMINE CURRENT ATTITUDE 

4.3.16.2 3 DETERMINE DESIRED ORBITAL PARAMETERS 

4.3 16 2.4 CHOOSE OPTIMAL TRAJECTORY 

4.3.16 2.5 RETRACT SOLAR ARRAYS 

4.3,16 2 6 RETRACT RADIATORS 

4.3.16 2.7 SP ON INTERNAL POWER 
4.3.16.2.8 ORIENT THRUSTERS 

4.3. 16 29 FIRE thrusters 


4.3.16.2.10 DRBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 

4.3.16.2.11 OPEN PAYLOAD BAY DOORS 

4.3.16 2 12 ACTIVA-'E DOCKING ADAPTER 


4 3 16 2.13 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 

4.3.16,2.14 SP BERTHING ON DOCKING ADAPTER 

4.3.16.3 REMOVAL AND TRANSFER OF PAYLOADS 

4.3.16.3.1 SHUTDOWN PAYLOADS 

4.3.16.3.2 activate RMS 

3.16.3.3 LOCATE GRASPING FIXTURE ON TARGET 
3.1634 GRASP FIXTURE 

3.16.3.5 RELEASE PAYLOAD RESTRAINTS 

3.16 3.6 translate PAYLOAD TO CRADLE 

3.16 3 7 FASTEN PAYLOAD RESTRAINTS 

3.16 3.8 ORIENT NEW PAYLOADS 

3.16 3.9 attach new PAYLOADS 

3.16.3.10 ORBITER/PAYLOAD integration CHECKOUT 

3.16.3.11 EXCHANGE PERSONNEL. THROUGH DOCKING MODULE 
,3.16.3.12 STORAGE OF CONSUMABLES IN HABITAT MODULE 

4.3.16.4 NON-SCHEDULED MAINTENANCE 

4.3.16.5 OPERATIONAL CHECKOUT 
4.3.16.5,1 ACTIVATE SUBSYSTEMS 

3 16.5 2 POWER SUBSYSTEM CHECKOUT 

3.16.5.3 THERMAL SUBSYSTEM CHECKOUT 

3.16.5.4 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

3.16 5.5 STRUCTURE SUBSYSTEM CHECKOUT 

3.16.5.6 COMMUNICATIONS SUBSYSTEM CHECKOUT 
3.16.5 7 SP/PAYLOAD INTERFACE CHECKOUT 

3.16.5.8 CONSUMABLES LEVELS CHECKOUT 

3.16.5.9 COMPARE MEASUREO DATA TO MODEL 
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4.3.16.6 separation OF ORBITER AND SP 

4.3.16.6.1 SECURE RMS IN PAYLOAD BAY 

4.3.16.6.2 CLOSE PAYLOAD BAY DOORS 

4.3.16.6.3 UNDOCKING OF ORBITER FROM SP 

4.3.17 RETRIEVAL BY ORBITER 

4.3.17.1 ORBITER/SP RENDEZVOUS AND CAPTURE 

4.3.17.1.1 DETERMINE CURRENT ORBITAL PARAMETERS 

4.3.17.1.2 DETERMINE CURRENT ATTITUDE 

4.3.17.1.3 DETERMINE DESIRED ORBITAL PARAMETERS 

4.3.17.1.4 CHOOSE OPTIMAL TRAJECTORY 

4.3.17.1.5 RETRACT SOLAR ARRAYS 

4.3.17.1.6 RETRACT RADIATORS 

4.3.17.1.7 ORIENT THRUSTERS 

4.3.17.1.8 FIRE THRUSTERS 

4.3.17.1.9 ORBITER AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 

4.3.17.1.10 OPEN PAYLOAD BAY DOORS 

4.3.17.1.11 ACTIVATE DOCKING ADAPTER 

4.3.17.1.12 DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 

4.3.17.1.13 SP berthing ON DOCKING ADAPTER 

4.3.17.1.14 ACTIVATE RMS 

4.3.17.2 PAYLOAD WITHDRAWAL FROM SP 

4.3.17.2.1 SP INTERFACE WITH PAYLOAD IS SHUTDOWN 

4.3.17.2.2 PAYLOAD INTERNAL POWER ACTIVATED 

4.3.17.2.3 LOCATE GRASPING FIXTURE ON TARGET 

4.3.17.2.4 GRASP FIXTURE 

4.3.17.2 5 RELEASE PAYLOAD RESTRAINTS 

4.3.17.2.6 TRANSLATE PAYLOAD TO CRADLE 

4.3.17.2.7 FASTEN PAYLOAD RESTRAINTS 

4.3.17.3 SHUTTLE/PAYLOAD INTEGRATION AND TES 

4.3.17.3.1 ORBITER/PAYLOAD INTEGRATION CHECKOUT 

4.3.17.3.2 CLOSE PAYLOAD BAY DOORS 

4.3.17.4 SEPARATION OF SP FROM ORBITER 

4.3.17.4.1 TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 

4.3.17.4.2 UNDOCKING OF ORBITER FROM SP 

4.3.17.4.3 DETERMINE CURRENT ORBITAL PARAMETERS 

4.3.17.4.4 DETERMINE CURRENT ATTITUDE 

4.3.17 4.5 DETERMINE DESIRED ORBITAL PARAMETERS 

4.3.17.4.6 CHOOSE OPTIMAL TRAJECTORY 

4.3.17.4.7 RETRACT SOLAR ARRAYS 
4.3. 17. 4. B RETRACT RADIATORS 

4 3.17.4.9 ORIENT THRUSTERS 

4.3.17 4.10 FIRE THRUSTERS 

4.3.17.4.11 ACTIVATE SUBSYSTEMS 

4.3.17.4.12 POWER SUBSYSTEM CHECKOUT 

4.3.17.4.13 THERMAL SUBSYSTEM CHECKOUT 

4.3.17.4.14 INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

4.3.17.4 15 STRUCTURE SUBSYSTEM CHECKOUT 

4.3.17.4.16 COMMUNICATIONS SUBSYSTEM CHECKOUT 

4.3.17.4.17 SP/PAYLOAD INTERFACE CHECKOUT 

4.3.17.4 ie CONSUMABLES LEVELS CHECKOUT 

4.3.17.4.19 COMPARE MEASURED DATA TO MODEL 

4.3.17.4.20 DEPLOY SOLAR ARRAYS 

4.3.17.4.21 DEPLOY RADIATORS 
4.3. IB RE-ENTRY AND LANDING OF ORBITER 
4.3.19 POST-FLIGHT OPERATIONS 

4.3.19.1 SAFING OF ORBITER AND HAZARDOUS PAYLOADS 

4.3.19.2 REMOVAL OF PAYLOADS FROM ORBITER 

4.3.19.2.1 OPEN PAYLOAD BAY DOORS 

4.3.19.2.2 PRIORITY REMOVAL OF T I ME -CRI T 1 CAL ITEMS 

4.3.19.2.3 PRIORITY REMOVAL OF PERSONNEL 

4.3.19.2 4 attach STRONGBACK TO PAYLOAD 
4.3.19.2.5 LOAD payload INTO CANISTER 

4.3.19.3 payload REMOVAL FROM ORBITER PROCESSING FACILITY 
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APPENDIX 2.B; 


GENERIC FUNCTIONAL ELEMENT LIST 
(WITH BREAKDOWN CODE NUMBERS) 


2.B.1 Notes on this Appendix 

The Generic Functional Element (GFE) List was collected 
from the four space project breakdowns by a computer program 
(see Sections 2.4.1 and 2.4.2 for a description and discussion 
of this procedure) . A functional element collected from a 
previous breakdown was not repeated again, but the code numbers 
under which it appeared were stored by the computer. 

Thus the resulting GFE List contains 330 generic functional 
elements, from which all of the four project breakdowns can be 
assembled. Each GFE is followed by a list of code numbers, 
indicating the locations in the breakdowns where that GFE 
appeared as a functional element. This allows the study 
recipient to trace the contexts in which a GFE appeared in the 
original breakdowns, to clarify its definition. 

The space project breakdowns (presented in Appendix 2. A) 
were scanned by the computer program in the order: GSP, AXAF, 

TMS, SP. Therefore the order of the GFE's, and their assigned 

numbers (gl, g2, etc.) reflect this scan. GFE's gl through 
gl70 were collected from the GSP breakdown (though most of them 
appear in other breakdowns as well) . GFE's gl71 through g238 
were added by the scan of the AXAF breakdown; GFE's g239 through 
g249, by the scan of the TMS breakdown; and GFE's g250 through 

g330, by the scan of the SP breakdown. 
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As mentioned in Section 2.3.2, team brainstorm sessions 
were held to define common nomenclature for functional elements. 
Despite these precautions, three typographical variations 
appeared in the listing. Since the computer program uses 
word- recognition to collect GFE’s, these 3 typos appear as 
separate GFE's; g200, similar to g83? g263, similar to g82; and 
g277, similar to g81. By the time these were identified, the 
GFE List had been used extensively in further study tasks; 
since correcting these typos would have renumbered one-third 
of the GFE's, the study group left the List unaltered. 

This 330-element GFE List is also presented, without the 
lists of code numbers, in Appendix 2.C. The listing of the 
Generic Functional Element List, with project breakdown code 
numbers, follows. 
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APPENDIX 2.C: 


GENERIC FUNCTIONAL ELEMENT LIST 
(W ITHOUT BREAKDOWN CODE NUMBERS) 


2.C.1 Notes on this Appendix 

This appendix repeats the Generic Functional Element (GFE) 
List presented in Appendix 2.B, but omits the lists of functional 
element code numbers after each GFE. The GFE List was collected 
from the four space project breakdowns by a computer program 
(see Sections 2.4.1 and 2.4.2 for a description and discussion 
of this procedure) . A functional element collected from a 
previous breakdown was not listed again. The resulting GFE List 
contains 330 generic functional elements, from which all of tne 
four project breakdowns can be assembled. 

The space project breakdowns (presented in Appendix 2. A) 
were scanned by the computer program in the order: GSP , AXAF , 

TMS, SP. Therefore the order of the GFE's, and their assigned 

numbers (gl, g2, etc.) reflect this scan. GFE's gl through gl70 
were collected from the GSP breakdown (though most of them appear 
in other breakdowns as well) . GFE's gl71 through g238 were 
added by the scan of the AXAF breakdown; GFE's g239 through 
g249, by the scan of the TMS breakdown; and GFE's g250 through 

g330, by the scan of the SP breakdown. 

4s mentioned in Section 2.3.2, team brainstorm sessions were 
held to define common nomenclature for functional elements. 
Despite these precautions, three typographical variations 
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appeared in the listing. Since the computer program uses 
word- recognition to collect GFE's, these 3 typos appear as 
separate GFE'ss g200, similar to g83; g263, similar to g82; 
and g277, similar to g81. By the time these were identified, 
the GFE List had been used extensively in further study tasks; 
since correcting these typos would have renumbered one-third 
of the GFE's, the study group left the List unaltered. 
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GENERIC FUNCTIONAL ELEMENT LIST (330 GFE*S) 


•gfo g1: verify POWER SYSTEM FUNCTION 
*gfo g2: VERIFY COMMAND SYSTEM FUNCTION 

•gfo g3; VERIFY MECHANICAL SYSTEM FUNCTION " " [ 

• gfo 04: verify COMMUNICATIONS SYSTEM FUNCTION u = • ‘ 

•gfo gS: MISSION SEQUENCE SIMULATION 0 ¥ F* S.'i 

•gfo gO; LOAD PAYLOAD INTO CONTAINER 

•gfo g7; TRANSPORT CONTAINER TO VERTICAL PROCESSING FACILITY 
•gfo g8; UNLOAD CONTAINER 

•gfo g9; CHECK SHUTTLE/PAYLOAD MECHANICAL INTERFACES 

•gfo glO: CHECK ELECTRICAL INTERFACES 

•gfo g11; CHECK PAYLOAD/BOOSTER MECHANICAL INTERFACES 

•gfo g12; LOAD PAYLOAD INTO CANISTER 

•gfo g13: TRANSPORT TO ROTATING SERVICE STRUCTURE 

•gfe g14: LOAD CANISTER INTO ROTATING SERVICE STRUCTURE 

•gfe g15; LOAD PAYLOAD INTO ROTATING SERVICE STRUCTURE USING PGHM 

•gfo g16: REMOVE CANISTER 

•gfo g17; MATE ROTATING SERVICE STRUCTURE TO ORBITER 

•gfe gIB; EXTEND PAYLOAD INTO ORBITER USING PGHM 

•gfe g19: CONNECT ORBITER/PAYLOAD INTERFACES 

•gfe g20: CLOSE-OUT PAYLOAD BAY 

•gfe g21: OPEN PAYLOAD BAY DOORS 

•gfe g22: ROTATE OTV/GSP PACKAGF. OUT OF ORBITER 

•gfe g23: POWER SUBSYSTEM CHECKOUT 

•gfe g24: INFORMATION PROCESSING SUBSYSTEM CHECKOUT 

•gfe g2S. RAISE CENTRAL MAST 

♦gfe g26: DEPLOY MAIN REFLECTORS 

•gfo g27; DEPLOY ANTENNA RECEIVER ARRAYS 

•gfe g28: DEPLOY ANTENNA TRANSMIT ARRAYS 

•gfe g29: DEPLOY SUBREFLECTOR 

•gfo g30: DEPLOY INTERFEROMETER 

•gfe g31: DEPLOY SOLAR ARRAYS 

•gfo g32: DEPLOY RADIATORS 

•gfo g33; VERIFY DEPLOYMENT SEQUENCES 

•gfe g34; RETRACT SOLAR PANELS 

•gfe g35; INITIALIZE GUIDANCE SYSTEM 

•gfe g36: DETERMINE CURRENT ORBITAL PARAMETERS 

•gfe g37: DETERMINE DESIRED ORBITAL PARAMETERS 

•gfo g38: CHOOSE OPTIMAL TRAJECTORY 

•gfe g39: DETERMINE CURRENT ATTITUDE 

•gfe g40: DETERMINE DESIRED ATTITUDE 

•gfe g41: FIRE THRUSTERS 

• gfo g42: SEPARATE 0"^V FROM G5P 
•gfe g43; SEPARATION COAST 

• gfe g44; TRANSFER OF OTV TO SUPERS' > 'CHRONOUS ORBIT 
•gfe g45: DEPLOY SOLAR PANELS 

•gfe g4G: DEPLOY INTER-PLATFORM LINK ANTENNAS 

•gfo g47: ACTIVATE SUBSYSTEMS 

•gfe g48; THERMAL SUBSYSTEM CHECKOUT 

•gfe g49: STRUCTURE SUBSYSTEM CHECKOUT 

•gfe gSO: COMMUNICATIONS SUBSYSTEM CHECKOUT 

•gfo gSI; ATTITUDE CONTROL SUBSYSTEM CHECKOUT 

•gfo gS3: PROPULSION SUBSYSTEM CHECKOUT 

•gfe g53; TRAFFIC ROUTING SUBSYSTEM CHECKOUT 

-gfe g54. CONSUMABLES LEVELS CHECKOUT 

•gfe gB5; COMPARE MEASURED DATA TO MODEL 

•gfe g56: DETERMINE ANOMALOUS DATA 

•gfe g57; FORM HYPOTHESIS FOR PROBLEM 

•gfe g58; DEVISE TEST FOR FAILURE HYPOTHESIS 

•gfe gS9: PERFORM TEST FOR FAILURE HYPOTHESIS 

•gfe gSO: IDENTIr’Y FAULTY COMPONENT 

•gfo get: SWITCH OUT FAULTY COMPONENT 

•gfe g62: SWITCH IN REDUNDANT COMPONENT 

•gfe g63: MAKE DIAGNOSTIC CHECKS 

•gfe g64: UPDATE SPACECRAFT MODEL 

•gfe g65: DEFINE ACCESS SEQUENCE 

•gfe g66: LOCATE ACCESS PANEL 

♦gfe g67 ; TRANSFER REPAIR EQUIPMENT TO REPAIR SITE 
•gfe g68. OPEN ACCESS PANEL 

•gfe g69: OBSERVE/LOCATE DEFECTIVE COMPONENT 
•gfo gTO REMOVE COMPONENT 
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OF POOR 


*gfe 
•Qf 0 

• Qf0 

•gf0 

*gf® 

*gfo 

*gfe 

•g<’e 

• gfO 
•Qfe 
*gfo 
*QfO 

*gfe 

•gfo 

•gfe 

*gfo 

•gfe 

•gfe 

•gfe 

• gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 

• gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
♦gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 
•gfe 


071: STORE COMPONENT 

q72: locate NEW COMPONENT 

g73: POSITION AND CONNECT NEW COMPONENT 

g7A: ADJUST COMPONENT 

g75: CLOSE ACCESS PANEL 

g76: STOW REPAIR EQUIPMENT 

g77: DETERMINE CORRECTION ALGORITHM 

g78: DATA/COMMANO ENCODING 

g70: DATA/COMMAND TRANSMISSION 

080: COMPUTER FUNCTION CHECKS 

081: MEASURE COMPONENT TEMPERATURES 

082: COMPARE TEMPERATURES TO REQUIRED LIMITS 

g83: ADJUST COOLING/HEATING SYSTEMS 

g84: MEASURE CURRENTS AND VOLTAGES 

g8S: COMPARE CURRENTS AND VOLTAGES TO REQUIRED LIMITS 

g86: EVALUATE BATTERY CHARGING PERFORMANCE 

g87: ADJUST CURRENTS AND VOLTAGES 

088: ADJUST BATTERY CHARGING CYCLE 

g89: SHORT-TERM MEMORY STORAGE 

090: LONG-TERM MEMORY STORAGE 

g91: OATA/COMMAND DECODING 

g92: NUMERICAL COMPUTATION 

g93; LOGIC OPERATIONS 

g94: COMPUTER LOAD SCHEDULING 

g95: MONiVOR PROPELLANT SUPPLIES 

g96: MONITOR COOLING SYSTEM SUPPLIES 

097: PROJECT CONSUMABLES REQUIREMENTS FROM MISSION PROFILE 

g98: COMPUTE OPTIMAL CONSUMABLES ALLOCATION 

099: MEASURE STRAINS IN STPUCTURE 

glOO: MEASURE RELATIVE DISPLACEMENTS 

0101; COMPUTE STRESS AND VIBRATION PARAMETERS 

g102; COMPARE STRESS AND VIBRATION PARAMETERS TO REQUIRED LIMITS 
0103: APPLY COMPENSATING FORCES 
0104; APPLY VIBRATION DAMPING 

g105: PROJECT DESIRED FUNCTIONS FROM MISSION PROFILE 
g106: ESTIMATE RISKS FROM DESIRED FUNCTIONS 
0107: DETERMINE CONSTRAINTS AND FIGURES OF MERIT 
g108: COMPUTE OPTIMAL SEQUENCING 
g109: DATA/COMMAND DISPLAY 

0110: DETERMINE NEW CONFIGURATION FOR SPACECRAFT COMPONENTS 

gill: ROTATE SPACECRAFT 

g112; CHOOSE OPTIMAL CONTROL MODE 

0113; COMPUTE CONTROL COMMANDS 

0114; EXECUTE CONTROL COMMANDS 

0115; RECEIVE INPUT FROM ANTENNA POINTING SENSORS 
g116: TRANSMIT INFORMATION TO ANTENNA POINTING CONTROLLER 
0117: DETERMINE ERROR FROM DESIRED ANTENNA POSITION 
g118: ANTENNA POSITIONER CORRECTS POINTING DIRECTION 
0119: RECEIVE COMMUNICATIONS INPUT 

g120: ENTER COMMUNICATIONS INPUT INTO SWITCH CONTROL 

g121: SWITCH CONTROL ENTERS COMMUNICATIONS INPUT INTO SWITCH MATRIX 

0122: SWITCH MATRIX EXECUTES COMMUNICATIONS OUTPUT 

g123: CHECK TMS/PAYLOAD MECHANICAL INTERFACES 

g124: ATTACH STRONGBACK TO PAYLOAD 

g125; REMOVE STRONGBACK 

g126; CLOSE CANISTER 

0127; TRANSPORT CANISTER TO ORBITER PROCESSING FACILITY 

g128; UNLOAD CANISTER 

g129: INSTALL PAYLOAD IN ORBITER 

0130: INSTALLATION OF ORBITER PAYLOAD STATION CONSOLES 
g131 : ACTIVATE RMS 

g132: LOCATE GRASPING FIXTURE ON TARGET 

g133: MOVE RMS TO FIXTURE 

g134; GRASP FIXTURE 

g135; RELEASE PAYLOAD RESTRAINTS 

g136; TRANSLATE PAYLOAD OUT OF PAYLOAD BAY 

g137; RMS RELEASES PAYLOAD 

g138; SECURE RMS IN PAYLOAD BAY 

g139; STRUCTURAL SUBSYSTEM CHECKOUT 

g140: RELEASE DOCKING LATCH 
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*gfO g141: RETRACT DOCKING MECHANISM f 

•gfo g142: MOVE AWAY FROM PAYLOAD 

•gfo 0143; MONITOR BATTERIES ! 

•gfo g144: LOCATE DOCKING TARGET 

•gfo g145: EXTEND DOCKING MECHANISM 

•gfo g14G: FASTEN DOCKING LATCH 

•gfo g147: CLOSE INTERNAL VALVES 

•gfo g140: EXTEND AND ATTACH UMBILICAL 

•gfo g149: OPEN SUPPLY VALVE 

•gfo gISO: MONITOR FLUID TRANSFER 

•gfo g131: CLOSE SUPPLY VALVE 

•gfo g1S2: DETACH AND RETRACT UMBILICAL 

•gfc g153: OPEN INTERNAL VALVES 

•gfo g1S4: CHECK FOR LEAKS 

•gfo g15S; LOCATE OLD TANK 

•gfo g156: DISCONNECT OLD TANK 

•gfo g1S7: REMOVE OLD TANK 

•gfo g158; STORE OLD TANK 

•gfo g159; LOCATE NEW TANK 

•gfo gIGO: INSTALL NEW TANK 

•gfo gIGI: CONNECT NEW TANK 

•gfo g1G2; COAST TO SUPERSYNCHRONOUS ORBIT 

•gfo g1G3; TRANSFER DEBRIS TO DISPOSAL POSITION 

•gfo g164; JETTISON DEBRIS 

•gfo gIGS: STOW TMS ANTENNA 

•gfo gIGG; DEACTIVATE TMS SUBSYSTEMS 

•gfo g1G7: LOCATE CRADLE IN PAYI.OAO LAY 

•gfo g168: TRANSLATE PAYLOAD TO CRADLE 

•gfo g169; LOCATE PAYLOAD RESTRAINTS 

•gfo gl70: FASTEN PAYLOAD RESTRAINTS 

•gfo g171: VERIFY DETECTOR SYSTEM FUNCTION 

•gfo g172: TRANSPORT TO OPERATIONS AND CHECKOUT BLDG. 

•gfo g173; INSTALL PAYLOAO IN HORIZONTAL CITE 

•gfo gl74i installation OF OMS KIT 

•gfo g17&- TILT PAYLOAD TO VERTICAL POSITION 

•gfo g176; LOCATE SOLAR ARRAY RESTRAINTS 

•gfo g177; RELEASE SOLAR ARRAY RESTRAINTS 

•gfo g178: LOCATE SUNSHADE RESTRAINTS 

•gfo g179: RELEASE SUNSHADE RESTRAINTS 

•gfo g180: OPEN SUNSHADE 

•gfo g181; DEPLOY TDRSS ANTENNAS 

•gfo g182: COMMAND DETECTOR SELECTION 

•gfo g183: OBSERVE DETECTOR SELECTION 

•gfo g184: MONITOR TELEMETRY 

•gfo g185: EVALUATE SYSTEM PERFORMANCE 

•gfo g186; ACTIVATE AXAF SUBSYSTEMS 

•gfe g187: COMMAND ATTITUDE CHANGE 

•gfo g188: OBSERVE ATTITUDE CHANGE 

•gfe g189: DETERMINE DISTURBING TOROUES 

♦gfo g190; COMPUTE REQUIRED RESULTANT 

•gfo g191: APPLY COMPENSATING TOROUES 

•gfo g192; SHUTDOWN SPACECRAFT SYSTEMS 

•gfe g193: MATCH AXAF VELOCITY AND ATTITUDE WITH ORBITER 

•gfe g194; IDENTIFY FAULTY SOFTWARE 

•gfo g195; RETRACT TDRSS ANTENNAS 

•gfo g196: CLOSE SUNSHADE 

•gfe g197: RETRACT SOLAR ARRAYS 

•gfe g198: TILT PAYLOAD TO HORIZONTAL POSITION 

•gfo g199: CLOSE PAYLOAD BAY DOORS 

•gfo g200; ADJUST HEATING/COOLING SYSTEMS 

•gfe g201: MONITOR GAS SUPPLIES 

•gfe g202: PRESSURIZE DETECTORS WHEN NEEDED 

•gfe g203: DEPRESSURIZE DETECTORS WHEN NOT IN USE 

•gfe g204; COMPUTE POSITIONS OF SUN, EARTH, MOON 

•gfe g205: DETERMINE ANGLES RELATIVE TO TELESCOPE LINE-OF-SIGHT 

•gfe g206: MONITOR BRIGHT OBJECT DETECTOR 

•gfo g207; MONITOR SAA DETECTOR 

•gfo g208: COMPARE DETECTOR OUTPUT TO PRESET LIMITS 

•gfe g209; CLOSE OPTICAL SHUTTERS 

•gfe g210; REDUCE VOLTAGES IN SENSITIVE EQUIPMENT 
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•gfe g2 1 1 : 
*Ofe g212: 
•gf« g213. 
*9^0 9214: 
♦gfe g2lS: 
*gfe g2l6: 
“gfe g217: 

*gf© g 2 ia: 

♦gfe g2l9: 
•gfe g220: 
♦gfe g221 : 
•gfe g222: 
•gfe g223: 
♦gfe g224: 
•gfe g225: 
♦gfe g226; 
•gfe g227; 
•gfe g228 • 
•gfe g229: 
•gfe g230: 
•gfe g231 : 
•gfe g2J2; 
•gfo g233: 
•gfo g234; 
•gfe g235: 
•gfo g236: 
•gfe g237: 
•gfe g238: 
•gfe g239: 
•gfe g240: 
>gf e g24 i : 
♦gfe g242: 
•gfe g243; 
•gfe g244 : 
•gfe g245: 
•gfo g246; 
•gfe g247: 
•gfe g248; 
♦gfe g249: 
•gfe g250; 
•gfe g251 • 
•gfe g252: 
•gfe g253; 
•gfe g254 : 

• gfe g255 : 
•gfe g25S: 
•gfe g257: 
•gfe g258: 
•gfe g259: 
•gfe g260: 
•gfe g26 1 : 
•gfe g262: 
•gfe g263; 
•gfe g264 : 
•gfe g26S; 
•gfe g266 : 
•gfe g267 : 

• gfe g268 ; 
•gfe g269: 
•gfe g270; 
•gfe g27 1 : 
•gfe g272: 
•gfe g273: 
•gfe g274: 
•gfe g275: 
•gfe g276: 
•gfe g277 ; 
•gfe g278: 
•gfe g279; 
•gfe g280: 


SHUTDOWN DETECTORS 
RECEIVE GROUND COMMANDS 
MOVE DETECTOR INTO POSITION 
DETECTOR POWER ON 
DETECTOR COOLING ON 
OPEN DETECTOR APERTURES 
FINE FOCUS DETECTOR 
TAKE DATA FROM DETECTOR 
TAKE DATA FROM ASPECT SENSOio 

PICK X-RAY SOURCE WITH KNOWN OPTICAL COUNTERPART 

DETERMINE IF TARGET IS WITHIN DETECTOR FOV 

DETERMINE IF TARGET IS WITHIN ASPECT SENSOR FOV 

SELECT NEW TELESCOPE ATTITUDE IF NECESSARY 

PROCESS IMAGE DATA 

DETERMINE ALIGNMENT CP9RECTI0N 

ACTIVATE TMS SUBSYSTEMS 

COMPUTE EXPECTED TARGET POSITION 

ALIGN ORBITER WITH EXPECTED TARGET POSITION 

DEPLOY RENDEZVOUS SENSOR 

ACTIVATE RENDEZVOUS SENSOR 

TRACK TARGET 

COMPUTE TERMINAL PHASE OMS BURN 

DISCONNECT DETECTOR 

REMOVE DETECTOR 

STORE DETECTOR 

LOCATE DETECTOR 

INSTALL DETECTOR 

CONNECT DETECTOR 

AVOID TANK OVERPRESSURES 

MAINTAIN SAFE BATTERY CHARGE LEVELS 

MAINTAIN COMMUNiCA I ION LINKS 

AVOID EXPOSING SENSITIVE COMPONENTS TO DIRECT SUNLIGHT 

TRACK NEARBY OBJECTS 

AVOID CONFLICTING OBJECTS 

OBSERVE TUMBLING SPACECRAFT 

DETERMINE SPACECRAFT PRINCIPAL SPIN AXIS 

SPIN UP DEBRIS CAPTURE DEVICE 

BRAKE DEBRIS CAPTURE DEVICE 

RELEASE SPACECRAFT FROM DEBRIS CAPTURE DEVICE 
CHECK EXPERIMENTAL PACKAGE INTERFACE 
RETRACT RADIATORS 
ORIENT THRUSTERS 

ORBITEF. AND SP VELOCITY AND TRAJECTORY ADJUSTMENTS 
ACTIVATE DOCKING ADAPTER 

DOCKING OF SHUTTLE ADAPTER TO SPACE PLATFORM 

SP BERTHING ON DOCKING ADAPTER 

STOW OLD PAYLOAD IN ORBITER 

LOCATE NEW PAYLOAD 

ATTACH NEW PAYLOAD TO SP 

SP/PAYLOAO INTERFACE CHECKOUT 

TRANSFER OPERATIONAL CONTROL FROM MISSION TO PAYLOAD CONTROL 

UNDOCKING OF ORBITER FROM SP 

COMPARE TEMPERATURE TO REQUIRED LIMITS 

MONITOR MICRO-GRAVITY LEVELS 

IDENTIFY SHAPE. SIZE IN BIN 

MATCH WITH SAMPLE MODEL 

POSITION MANIPULATOR {ON RAILS) 

GRASP SAMPLE 

TRANSPORT SAMPLE TO EXPERIMENT AREA 
OPEN HOLDER 
INSERT SAMPLE 
CLOSE HOLDER 

ACTIVATE FAIL-SAFE SUBSYSTEM(S) 

CHECK ALIGNMENT WITH ALIGNMENT CRlT'iRIA 

SET (OR EVACUATE) FURNACE ATMOSPHERE 

ACTIVATE EXPERIMENTAL PROCESS SPECIFIC EQUIPMENT 

MEASURE COMPONENT TEMPERATURE 

ACTIVATE FURNACE TEMPERATURE -MA INTAINING UNIT 

INITIATE GAS ANALYZER OPERATION 

RECORDING AND ON-BOARD STORAGE OF DATA 
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*gfe 

g28i 

*gfe 

g282 

•gfe 

g283 

•gfe 

g284 

•gfa 

g28S 

•gfe 

g286 

•gfe 

g287 

•gfe 

9288 

•gfe 

g289 

•gfe 

g290 

•gfe 

g29i 

•gfe 

g292 

•gfe 

g293 

•gfe 

g294 

•gfe 

g295 

•gfe 

g296 

•gfe 

g297 

•gfe 

g298 

•gfe 

g299 

•gfe 

g300 

•gfe 

g301 

•gfe 

g302 

•gfe 

g303 

•gfe 

g304 

•gfe 

g305 

•gfe 

g306 

•gfe 

g307 

•gfe 

g308 

•gfe 

g309 

•gfe 

g3io 

•gfe 

g3ii 

•gfe 

g3i2 

•gfe 

g3i3 

•gfe 

g3i4 

• gfe 

9315 

• gfe 

g316 

•gfe 

g317 

•gfe 

g3ie 

•gfe 

g3i9 

•gfe 

g320 

•gfe 

g32i 

•gfe 

g322 

•gfe 

g323 

•gfe 

g324 

• gfe 

g325 

•gfe 

g326 

•gfe 

g327 

•gfe 

g328 

•gfe 

g329 

•gfe 

g330 


MEASURE EXPERIMENTAL DATA. WITH SPEC. INSTRUMENTATION 
COOL SAMPLE 

ADJUST FURNACE PRESSURE TO SAFE LEVEL 
GET SAMPLE WITH SAMPLE HOLDER 
REMOVE SAMPLE FROM FURNACE 
RELEASE SAMPLE FROM SAMPLE HOLDER 
REMOVE SAMPLE FROM HOLDER 
TRANSPORT SAMPLE TO STORAGE BIN 
RELEASE SAMPLE IN BIN 
PURGE GASES FROM FURNACE 
BAKEOUT FURNACE 

REPkOGRAM PROCESS SET-POINTS AND CONTROLS 

DEFROST LIVE CELLS 

SUPPLY NUTRIENTS AND GASES 

REMOVE ORGANIC WASTES 

PUMP SAMPLE INTO CHAMBER 

PUMP MEDIA FLUID INTO CHAMBER 

TRANSMIT DATA TO GROUND PROCESSING CENTER 

WHEN SPECIFIED GROWTH PARAMS. REACHED, PREPARE SAMPLE FOR RETURN 

STORE PRODUCTS IN A CONTROLLED ENVIRONMENT FOR RETURN 

FLUSH SYSTEM WITH BIOCIDE. PRIOR TO NEXT CYCLE 

SP INTERFACE WITH PAYLOAD IS SHUTDOWN 

PAYLOAD INTERNAL POWER ACTIVATED 

ORBITER/PAYLOAD INTEGRATION CHECKOUT 

PRIORITY REMOVAL OF T IME -CRI TI CAL ITEMS 

PAYLOAD REMOVAL FROM ORBITER PROCESSING FACILITY 

SEND GROUND SIGNAL TO SP TO BEGIN SERV. SEO. 

REDUCE POWER TO SUBSYSTEMS 
SHUTDOWN EXPERIMENTAL PACKAGES 
ORIENT NEW PAYLOADS 
ATTACH NEW PAYLOADS 
SHUTDOWN PAYLOADS 
SP ON INTERNAL POWER 

MEASURE MODULE ATMOSPHERIC TEMPERATURES 

COMPARE ATMOSPHERIC TEMPERATURES TO REQUIRED LIMITS 

MONITOR HABITAT PRESSURE, ATMOSPHERIC COMPOSITION 

COMPARE TO REQUIRED LIFE SUPPORT CONDITIONS 

ADJUST HABITAT-MAINTENANCE SUBSYSTEMS 

EVALUATE SOLAR ARRAY PERFORMANCE 

MONITOR HABITAT-MAINTENANCE SYSTEMS SUPPLIES 

MONITOR SUPPLIES. -.ONDITION OF PERISHABLES 

MONITOR EQUIPMENT INVENTORY 

MAINTAIN EMERGENCY CONSUMABLES RESERVE 

MONITOR RADIATION LEVELS 

MONITOR VITAL SIGNS OF CREW f.EMBERS 

MONITOR REST, NUTRITION OF CREW MEMBERS 

UPDATE HABITAT MODEL 

EXCHANGE PERSONNEL, THROUGH DOCKING MODULE 
STDRAGE OF CONSUMABLES IN HABITAT MODULE 
PRIORITY REMOVAL OF PERSONNEL 
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